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THE STUDY OF CERTAIN DIETARY CONDITIONS 
BEARING ON THE PROBLEM OF 
GROWTH IN RATS. 


By CASIMIR FUNK. 
In CooPpERATION WITH JOSEPH POKLOP. 


(From the Huntington Fund, Memorial Hospital and Loomis Laboratory, 
and the Harriman Research Laboratory, Roosevelt Hospital, New York.) 


(Received for publication, August 12, 1916. 


During the progress of a series of investigations carried on 
- by the writer in collaboration with Dr. Macallum,! it was deemed 
advisable to note in a series of control experiments the influence 
exerted by the addition of various specific substances, which 
might, not only from the standpoint of nutrition, but also from 
the standpoint of correcting deficiencies in diet, bring about 
a better condition of the experimental animals. The results 
obtained, covering a period of nearly 2 years and representing 
selected data noted by observation of several hundred rats ex- 
perimented upon, are herewith presented. 

As a matter of experience it might be stated at this time that 
the animals furnished to us by dealers seemed to lack that power 
of resistance which would make them suitable for our feeding 
experiments. This was manifested by a loss of hair on being 
placed in the metabolism cages, and early death before our experi- 
ments were well under way. This difficulty was promptly elimi- 
nated when rats bred in our laboratory under proper dietary 
conditions were substituted. The animals which were used for 
breeding purposes thrive best when kept on a diet of oats, bread, 
condensed milk. and yeast. Thesuccessofthisdiet was evidenced 
by the production of better animals from the physical, as well 
as from the experimental standpoint, than are produced by any 
other ways yet brought to our notice. Details of this dieta 
are shown elsewhere in the present paper. | 


1 Funk, C., and Macallum, A. B., J. Biol. Chem., 1916, xxvii, 51, 63. 
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2 Dietary Conditions in Growth 


In sequence to our earlier studies as to the value of oats as an 
exclusive diet for guinea pigs and rabbits,? our later experi- 
ments tend to show that oats, whether in seed or germinated, 
in conjunction with sodium bicarbonate or alone, were also an 
insufficient or unsuitable diet for young rats. 

Our experiments show that the quantity of vitamines neces- 
sary for stimulating growth in rats is by no means small. If 
yeast is added to the diet to the extent of 1 per cent the rats 
grow for a short time, after which they begin to decline. Experi- 
ments which are not recorded in this paper have shown that at 
least 3 per cent of yeast is necessary to insure a satisfactory 
growth in rats. Still further experiments have shown that yeast 
has more effect in promoting growth than an addition of a few 
cc. of milk, as used by Hopkins.’ Yeast can be regarded as a 
complete food by itself. It was therefore necessary to ascertain 
whether the good results obtained with this addition are not 
merely due to a correction of the nutritive value of the protein 
used (in this case, casein) or to the presence in it of nucleic acid. 
Consequently a diet was prepared in which the total casein nitro- 
gen was substituted by yeast nitrogen. The results obtained were 
not as satisfactory as when yeast was used in smaller amounts 
for its vitamine content only, and not for nutritive value. 

As orange juice has shown its value as a preventative of scurvy 
in rats, its value in promoting growth had to be ascertained. A 
diet which was made with orange juice instead of yeast was found 
to be without value for growing rats. 

Finally an inquiry into the value of Lloyd’s reagent as a 
precipitant for the growth-promoting substance in yeast was 
attempted. This reagent has been introduced by Seidell* for a 
quantitative separation of beri-beri vitamine from autolyzed 
yeast. He claimed that an addition of 50 gm. of the reagent 
to a liter of autolyzed yeast is sufficient for this purpose. Our 
results seem to show that a complete separation of the growth 
substance could not be effected, since both the precipitate and 
the filtrate were active, although to a lesser degree than the 
original solution, the activity of the precipitate being far more 


* Funk, J. Biol. Chem., 1916, xxv, 409. 
* Hopkins, F. G., J. Physiol., 1912, xliv, 425. 
‘ Seidell, A., U. S. Public Health Report, No. 325, 1916. 
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marked than that of the filtrate. We are not prepared to state 
at present whether our findings were due to the use of an insuf- 
ficient amount of the reagent, or whether the separation of the 
growth-promoting factor into two fractions would be an explana- 
tion. We may be able to make a more definite statement in 
the near future. That the value of autolyzed yeast for growth 
experiments, as well as its antiscorbutic properties, for rats, is 
diminished by the above process, there is no doubt in our minds.*® 


EXPERIMENTAL. 
Experiment 1. The Effect of Condensed Milk (Rats 3 and 4, Fig. 2). 


The diet consisted of cabbage, oats, white bread, fresh vegetables, and 
condensed milk. The female became pregnant after 48 days and the ex- 
periment had to be discontinued. An unusual appetite for condensed 
milk seemed to be manifested by these animals which suggested to us that 
a possible increased supply of this form of milk might bring about still 
better results. The curves compare very favorably with the curves of 
control rats published by previous investigators and this suggests that 
careful description of the composition of normal diet is desirable. 


Rats 3 (male) and 4 (female). 


Weight. Weight. 
3. 4. 


gm. 
41.8 
60.0 
66.9 
83.4 
95.6 
108 .7 
122.5 
134.8 
142.5 


149.7 
146.7 
148.7 
158 .6 


116.2 
121.4 
131.7 
154.5 


5 A short time ago a paper was published by my former assistant (Drum- 
mond, J. C., Biochem. J., 1916, x, 77) in which he criticizes my results 
upon chickens stunted by a diet of unpolished rice. In answer I might 
state that, although his actual figures fully corroborate my statements, 
his main objection seems to be that even chickens on normal diet do not 
thrive when kept under laboratory conditions. This fact, of which I am 
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Experiment 2. The Effect of Yeast Addition to a Normal Diet (Rats 5 and 
6, Fig. 2). 


The diet consisted of cabbage, oats, white bread, fresh vegetables, con- 
densed milk, and 2 gm. of dried yeast daily. The appearance of these 
rats as compared with those on artificial diets showed a better growth 
and a healthier general condition. 


Rats 5 (male) and 6 (female). 


Weight, Weight 
gm. gm. 
0 50.0 49.5 
4 69.2 69.8 
8 84.5 | 82.3 
12 100.0 | 92.2 
16 107.5 | 96.4 
20 122.6 122.1 
24 133.1 123.1 
28 146.4 138.2 
32 141.3 133.6 
36 160.0 150.8 
40 172.8 154.3 
44 178.5 161.0 
48 190.0 168 .6 
52 199.2 181.1 
56 206.1 191.3 
60 216.0 196.7 
64 217.0 197.8 


Experiment 3. The Value for Growth and Maintenance of Oats Alone or with 
Sodium Bicarbonate. 


Rats 29, 30, and 31 received oats alone and Rats 32, 33, and 34 oats with 
1 per cent sodium bicarbonate. All the animals showed practically no 
growth and died. The addition of the alkali has a distinct deleterious 


effect (Fig. 1). 


fully aware, has been already emphasized in one of our publications. 
(Funk and Macallum, Z. physiol. Chem., 1914, xcii, 13). Still it also re- ~ 


- mains a fact that as a.result of an inquiry into conditions existing in poul- 


try farms, we are using now a mixture of chicken food, cabbage, and char- 
coal, the water being entirely replaced by milk, thereby succeeding in 
diminishing the mortality to a very great extent, in spite of the fact that 
the birds are kept in small cages. With this improvement we have ob- 
tained new data confirming our previous statements on the effect of un- 
polished rice in arresting the growth of young chickens. 
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Rats 32. 33, and 34. Oats 
and sodium bicarbonate. 
Weight (gm.). 


Rats 29, 30, and 31. Oats 
alone. Weight (gm.). 


31. 32. 33. 
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Experiment 4. Germinated Oats as Compared with Plain Oats in Their 
Value for Growth. 


These experiments have been performed in analogy to the investiga- 
tion of Fiirst* who has found that germinated oats develop antiscorbutic 
properties (using guinea pigs). It was possible that rats would grow 
better on germinated seeds, with green parts already developed, but this 
was not to be the case and strangely enough the animals on oats alone 
outlived the others. The rats (21, 22, 23, and 24, Fig. 1) received at the 
beginning germinated oats, which were later supplemented with white 
bread. Rats 25, 26, 27, and 28 received plain oats and later also white 
bread. From the 18th day both lots had an artificial diet mixed with 5 
per cent plain oats or 10 per cent germinated oats, the latter being found 
twice as heavy in our case. 


First, V., Z. Hyg. u. Infectionskrankh., 1912, Ixxu, 121. 
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Rats 21, 22, 23, and 24. 
0-3 days, germinated 


oats. 


3-18 days, addition of 


white bread. 


Rats 25, 26, 27, and 28 
0-3 days, plain oats. 
3-18 days, addition of 
white bread. 
From the 18th day. 


From the 18th day, Diet 2. 
Diet 1. 
Diet 1. Diet 2. 
gm. 
22 
10 
23 
2 
3 
Germinated oats... 10 
Weight (gm.). Weight (gm.). 

22. 25. 27. | 23. 

0 58.0 | 44.5 | 33.1 | 40.3 35.6 | 36.9 51.0 

4 64.0 | 48.6 | 37.3 | 45.1 | 40.2 | 39.7 | 53.5 

S 51.0 | 48.2 | 36.8 | 44.4 | 39.8 | 42.2 54.8 

12 62.2 | 46.8 | 34.2/ 44.8 38.8 41.4 54.6 

16 69.0 49.5 35.0 46.0' 405 46.3 54.9 

20 56.2 | 46.5 | 33.1 | 48.0 | 39.5 | 52.3 56.3 

4 56.2 | 46.5 | 33.1 | 51.9 | 41.2 | 53.5 | 54.3 

28 33.4 54.3 | 37.0 | 53.2 | 53.8 

32 37.5 54.3 | 40.4 44.0 51.8 

36 37.0 61.4 , 50.2 56.0 

40 65.6 | 54.4 56.1 

44 70.2 | 58.0 56.0 

48 72.0 | 61.0 55.8 

52 72.8 | 62.2 51.5 

56 66.0 | 55.5 
60 66.5 54.8 


Experiment 5. The Effect of an Addition of Milk to an Artificial Diet. 


The animals received the usual artificial diet and in addition to that 
at the beginning of the experiment 1 ec., later 2 ce. of milk each. The 
growth of the animals was decidedly slower than on autolyzed veast. 


The 
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table below and the curves for Rats 35 (male) and 36 (female) are repre- 


sented in Fig. 4. A 


0-20 days 1 cc. of milk. 


35. Male. 
Days. Weight. 


Food intake. 
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Experiment 6. The Value of Yeast as Protein Supplier. 


Casein in our artificial diet was substituted by the same quantity of 
nitrogen in form of yeast. One male (37) and one female (38) are recorded 
As the food 


intake came gradually down yeast cannot be regarded as a good substitute 


in this experiment. Rat 37 died with edema after 44 days. 


for protein. There is even a slight indication of a toxic action. 


Rat 


38 which survived 52 days of this experiment has shown an inhibited growth 


in the last period (Fig. 3). 
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Weight. 


| es Food intake. 
| 37. Male. 38. Female. | 
| gm. gm. gm. 
| 33.3 39.0 
| 45.4 52.3 9.1 
| 45.7 65.4 9.8 
i 50.3 70.1 10.8 
i 56.3 79.2 10.5 
{ 61.8 86.0 12.4 
60.1 89.2 11.4 
58.7 92 2 10.1 
58.0 97.4 10.5 
64.0 99.1 10.7 
65.0 102.0 10.5 
61.1 103.8 98 
107.6 6.7 
108.4 5.6 


Experiment 7. Action of Orange Juice on Growth. 


Rats 53 and 54, males (Fig. 4), were kept on an artificial diet in which 
the yeast was replaced by orange juice with the result that growth was 
completely arrested. The animals died after 5 weeks. 


gm. gm 
Weight. 
Days. _ Food intake. 
53 54. | 
gm. gm. gm | 
0 28.5 30.0 | 
4 35.0 35.5 6.6 | 
8 36.0 38.5 5.7 ; 
12 37.9 38.5 5.1 
16 36.5 37.5 5.6 
20 37.5 39.0 5.3 
24 38.5 40.0 4.9 
28 35.0 36.0 4.6 7 
32 36.0 34.0 4.4 
36 31.5 3.0 
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Experiment 8. The Value of Lloyd’s Reagent as Precipitating Agent for 
the Growth-Promoting Substance in Yeast. 


The precipitation with this reagent was made according to the method 
used by Seidell. The quantity of the precipitate and the filtrate added 
to the diet corresponded to 10 cc. of autolyzed yeast which gave good re- 
sults in our hands. Rats 39 (female) and 40 (male) were kept on the pre- 
cipitate for 44 days and Rats 41 (male) and 42 (female) (Fig. 3) for the same 
time on the filtrate. The animals kept on Llovd’s reagent grew de- 
cidedly better than those on the filtrate, but the separation of the growth- 
promoting substance was incomplete. Autolyzed yeast has lost, appar- 
ently, most of its antiscorbutic properties by this process. 


Diet 1. Diet 2. 
gm. gm. 
24 24 
2 2 
Lloyd’s precipitate made upto............ 10 ce. 
Rats 39 and 40, Diet 2. Rats 41 and 42, Diet 1. 
Weight. Weight. 
Days. 
39. Female.) 40. Male. 41. Male. |}42. Female. 
gm. gm. gm. , gm. gm. gm 
0 37 .0 39.1 43.4 
4 52.8 45.4 9.8 49.5 54.0 11.2 
8 54.1 48 .0 7.5 55.8 43.7 8.6 
12 51.6 46.7 5.8 59.7 51.7 7.9 
16 51.6 47.7 7.0 60.5 57.4 8.9 
20 51.9 46.9 6.0 61.6 58 .0 8.8 
24 51.6 47.9 5.5 66.5 63.2 6.3 
28 53.6 49.4 6.2 70.2 69.1 9.5 
32 55.0 52.5 6.6 70.0 69.0 9.5 
36 58.8 52.9 6.2 76.0 72.7 7.5 
40 60.0 5d.2 5.5 77.8 76.0 9.3 
44 61.0 56.3 5.1 78.5 81.2 7.9 
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SUMMARY. 


By an addition of milk or yeast to the normal diet the growth 
of rats can be accelerated. Oats in dry state or subjected to 
germination proved to be an inadequate diet for young rats. 
Yeast cannot substitute the casein in the diet and this very 
likely because of its toxic properties. Young rats grow less 
when milk instead of yeast is used in the diet and they do not 
grow at all on orange juice as addition. Using Lloyd’s reagent 
for precipitation of the growth-promoting substance from auto- 
lyzed yeast, it was found that by this process the separation seems 
to be not complete; furthermore, the yeast loses some of its origi- 
nal value as a stimulant to growth. 
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COTTONSEED MEAL AS AN INCOMPLETE FOOD. 


By C. A. WELLS anv P. V. EWING. 
(From the Georgia Experiment Station, Experiment.) 


(Received for publication, July 11, 1916.) 


Within the past few years it has been well established that cer- 
tain injuries to animals, such as beri-beri, result from deficient 
diets. ‘Thus, purified proteins, carbohydrates, fats, and mineral 
matter, combined in any proportion, do not produce normal 
growth. A ration made up of whole wheat, or of certain other 
cereals, will produce injury through lack of essential food sub- 
stances. A diet is incomplete if it does not contain an adequate 
amount of these as yet unidentified accessory substances as well 
as requisite inorganic salts. 

Rommel and Vedder (7) recently advanced the hypothesis, 
supported by preliminary experiments, that cottonseed meal 
injury is similar to, if not indeed identical with beri-beri in 
man. Our own experiments (8) had indicated that in feed- 
ing cottonseed meal to pigs to ascertain the injury said to result 
from this it is necessary to balance the ration, not so much 
as to the nutritive ratio, determined by the amounts of fats, 
carbohydrates, and protein present, but rather as to the so called 
accessory food factors. It is the purpose of the present paper 
to relate our later experiments bearing upon this phase of the 
cottonseed meal injury question. 


EXPERIMENTAL. 


Equipment.—Mated Duroc-Jersey pigs were used. ‘These were 
6 weeks old and weighed usually about 6 to 10 kg. each at 
the beginning of the experiment. They were kept in pens or 
metabolism cages and fed under conditions previously described 
in detail (8). We used the pig because it is said to be more sus- 
ceptible to cottonseed meal injury than are other animals, thus 
making it easier, presumably, to measure the injury; and when 
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results are obtained with it there is not the further implied neces- 
sity of comparative studies as is always the case where rabbits 
and similar animals are used. It 1s Inexpensive, and lends itself 
satisfactorily to metabolism trials in cages. 

Feeds.—The feedstuffs were obtained, analyzed, and kept in 
dry storage throughout the investigation. From the analyses of 
them, and from the energy values of feeds as given by Armsby 
and others, the dry matter, digestible protein, and net energy 
values were calculated on the basis of the feed consumed. The 
cottonseed meal was of a good grade having a bright yellow 
color and a sweet odor. The digester tankage was a commer- 
clal grade, and the gluten was a good grade of Hoyt’s gluten 
flour. The whole milk was obtained from a Jersey herd and 
modified by mixing two parts of whole milk with one part of 
skimmed milk. Preliminary feeding trials were made in each 
case with a mixture of corn meal 62, wheat middlings 30, and 
digester tankage 8 parts. 

TABLE I. 


Dry Matter and Digestible Protein, and Net Energy Values in Therms in 
100 Gm. of Air-Dried Substance. 


gm. gm. gm. therm: 
Wheat middlings.................. 84.0 2.80 12.8 0.171 
Digester tankage.................. 92.7 8.46 47.1 0.161* 
moel.................. 91.5 6.66 55.6 0.186 
9.9 0.50 3.6 |} 0.019 
Whole (diluted) milk.............. 8.7 0.48 |. 3.4 0.024 


* Energy values calculated. 


In Series 1 a study was made of the comparative effects of 
large quantities of cottonseed meal, digester tankage, and gluten 
flour in a limited basal ration; and similarly in Series 2, using cot- 
tonseed meal and gluten flour in a basal ration increased to 
absolute maintenance. In the latter series metabolism trials 
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were made. The results are summarized in Tables II, III, and 
IV. 
TABLE II. 
Series 1. Effects of Large Quantities of Cottonseed Meal, Digester Tankage, 
and Gluten Flour in a Limited Basal Diet. Daily Averages in Periods. 


Feed 
con- seed 
sumed.,| meal. 


Cotton-| Addi- 
tional 
water. 


Digest-| Net 
ible | energy | Injury.| Death. 
protein value. 


Date. Weight. 


matter 


Pig 1. Diet: Cottonseed meal 25 gm., starch 6, sugar 2.3, skimmed milk 
5 ec., per kg. live weight daily. 


= 


19165 


July 1-10.... 
“ 10-20.... 
“ 20-30.... 

Aug. 1-10.... 
“ 10-18.... 


kg. 
10.0 
10.5 
10.0 
10.0 
10.0 


gm. 


383 
296 
223 
201 
148 


gm. 


250 
203 
163 
151 
104 


cc. 
1,223 
1,088 

904 
1,138 
1,050 


184 
127 


gm. 


101 
82 
66 
61 


42 


Pig 2. Diet: As for Pig 1, with 1.5 gm. gluten flour instead of 5 ec. skimmed 
milk. 


July 1-10.... 
 10-20.... 
2-30.... 

Aug. 1-10.... 
O-16.... 


10.0 
10.0 
10.0 
11.0 
10.0 


275 


120 


1,137 
1,134 
1,116 
S68 
610 


314 
308 
278 
236 
104 


Pig 3. Diet: As for Pig 1, with 2.5 gm. digester tankage instead of 5 ce. 


skimmed milk. 


July 1-10.... 
“  10-20.... 
“20-30... 

Aug. 8.... 


10.0 
11.0 
12.0 
14.0 


250 
265 
186 
145 


1,110 


1,310 


964 
738 


320 
339 
238 
185 


102 
108 


76 
o9 


Sess 


Pig 4. Diet: As for 


Pig 1, with 12.5 gm. 
cottonseed meal. 


gluten flour instead of 25gm. 


July 1-10.... 
“  10-20.... 
20-30.... 

Aug. 1-10.... 
“  10-18.... 


10.0 
10.5 
10.0 
10.0 
10.0 


208 
253 
202 
187 
129 


190 
154 
124 
115 

79 


92 
60 
o6 
38 


* Removed at close of last period after complete injury, to prevent death, 
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TABLE 11—Concluded. 


Feed | Cotton-' Addi- | D Digest- Net 
con- seed tiona! ible energy | Injury., Death. 


Date. | Weight. 
sumed.' meal. water. protein. value. 
| | 


Pig 5. Diet: As for Pig 1, with 15.5 gm. digester tankage instead of 25. gm. 
cottonseed meal. 


1915 kg. gm. gm. ce. gm. gm. therms 

July 1-20....) 10.0 268 1,252; 245 87 0.47 

Aug. 10. 12.0 294 1,060 7 94 0.56 + _ 
Aug. 10-30 13.0 | 232 985 210 74° (0.45 _ 

31- 

Sept. 20 13.0 235 983 | 212 72 | 0.46 + oe 
Sept. 

Oct. 9.. 13.0 211 1,114 192 69 0.42 + — 
Oct. 9-23. 10.0 5S | 389 53 19 | 0.12 + + 


DISCUSSION. 


It is evident that submaintenance and failure to grow were not 
due to lack of supply of carbohydrates, fats, protein, and mineral 
matter. The diets were deficient in some other essential way; 
so that the value of a diet is not to be measured solely by the 
amount of protein and net energy it contains. 

The lethal period was longer than that previously reported 
by us (8). This was due, no doubt, to the presence here of ad- 
ditional substances in the diet, such as the small quantity of 
milk. Dinwiddie (1) found much the same thing in that wheat 
bran seemed to lessen the injury from cottonseed meal, and the 
reports of others show that animals do not suffer so much from 
cottonseed meal if given a variety of food or access to pasture. 

Apparently the digester tankage was a more complete food 
than cottonseed meal or gluten flour. It must have yielded, 
relatively, a larger proportion of the less abundant valuable 
food factors, such as tryptophane. Or, in the case of Pigs 1, 2, 
and 3, the diets may have contained a toxic substance. 

The injury was not acute. Through physical appearances 
and the metabolic characteristics it was manifested long before 
death. This is not in agreement with the observations of many 
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other investigators. We are inclined to believe, however, that 
in the reported cases of acute cottonseed meal injury, careful 
periodic measurements would have disclosed the injury before 
death. This is important; for if well nourished animals die of 
the injury as often claimed, the same cannot be due to a deficient 
diet and inanition, but must be due to a toxic effect. 

The ingestion of smaller quantities of nitrogenous foods as 
the injury advanced, and the retarding effect of additional nitrog- 
enous foods, indicate that excess of nitrogen did not cause the 
injury. When upon an assured maintenance diet the sugar, 
starch, and other foods did not produce injury. And since the 
pigs, upon full maintenance, would not eat much cottonseed 
meal, it was necessary to feed the basal diet separately that 
it might all be eaten. 

Postmortem examinations were made in all cases, but the re- 
sults are omitted here, because, as shown in detail in a previous 
publication (8), they varied so widely as to have little inter- 
pretive value. Among those characteristics which were found 
most constant may be mentioned: a rough coat; dry, harsh, 
and scaly skin; weakness and emaciation as shown by physical 
appearance and entire absence of fat from kidneys and mesen- 
tery; and bones usually though not always brittle. 

From results in Series 2 it appears that injury was not prevented 
by that amount of milk which Hopkins (3) found sufficient for 
protection of rats receiving a deficient diet. Even Dietrich’s 
maintenance allowance for pigs was inadequate here. But 


‘absolute maintenance was assured when the milk was increased 


to 70 cc. per kq. live weight daily. 

The death of Pig 10 was due probably to a tumor-like internal 
injury revealed by postmortem examination. In all other cases 
death resulted in part from lack of sustenance. It should be 
noted, however, that Pig 9 died 4 days after its maintenance was 
made absolute by the addition of milk. The fact that it did not 
respond, as did Pigs 6, 7, and 8, to this increased milk allowance, 
leaves the possibility to be reckoned with that the cottonseed 
meal contained a specific injurious effect apart from its lack of 
essential food factors. 
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The metabolism trials confirm the results formerly reported (8) 
to the effect that on such diets the pig is unable to deflect nitrogen 
from urea to form ammonia to neutralize any excess acids pres- 
ent. The low utilization of nitrogen in diets highly efficient 
for growth and its high utilization in diets inefficient for growth 
may be explained on the basis that the animals when on restricted 
diets utilized the nitrogen to the greatest possible extent in an 
effort to obtain those particular substances much needed yet 
present to a limited extent in the diet. This explanation, of 
course, is not in keeping with the commonly accepted view that 
the character of a ration does not affect the degree of utilization 
of any food constituent. Yet it should be borne in mind that 
Mendel and Fine (4, 5, 6) have shown that the proteins of corn, 
wheat, and meat are utilized in carnivora to approximately the 
same extent; namely, = 93 per cent. One would expect, there- 
fore, upon mixing these substances together, as was essentially 
the case in our preliminary and recuperative diets, to obtain an 
equivalent utilization of the nitrogen. But this did not happen. 
The nitrogen was utilized to approximately 76 per cent, which 
is about the figure given in the literature for this food mixture. 
Constant watch was kept to see that the pigs did not eat the 
feces; and from the results in Table IV it is evident that in the 
restricted diets anabolism was at its maximum, while in the ease of 
the normal preliminary and recuperative diets much of the nitro- 
gen went to waste. When on a bountiful diet, the animal ap- 
parently selected with ease those substances demanded by the 
specifically established physiological processes of the body, includ- 
ing nitrogen, letting much go to waste through the feces; but 
when the diet was restricted, the tendency was to increase the 


nitrogen utilization beyond that required by the body in an git 


to obtain the other necessary substances. A reference to o 
related work on the associative action of foods with steers (2) 
where cottonseed meal was fed alone as a restricted diet, and with 
corn silage making a fairly normal diet, shows this same increased 
utilization of nitrogen on: the restricted diet. The results, of 
course, are based upon limited data and are indicative rather 
than conclusive. 
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The decrease in creatinine in the urine when the pigs were 
changed from the normal to the experimental diets was not as- 
sociated with the possibility of preformed creatinine in the 
digester tankage fraction, as shown by separate trials not re- 
corded here. The creatinine decrease indicated a condition of 
inanition and impaired muscular activitv. The creatinine not 
eliminated was utilized, perhaps, as food, for which there was an 
increased demand in the one-sided diets. Throughout it is evident 
that inanition played an important part in the injury. 

The results show that in studies of so called cottonseed meal 
injury with pigs it is necessary to eliminate the interference of 
inanition by feeding a basal diet which contains those substances 
requisite for normal growth in addition to the dry matter, di- 
gestible protein, and net energy usually considered. The diet 
must contain milk or some combination of other foods of known 
growth-producing value. 


CONCLUSIONS. 


1. Cottonseed meal is an incomplete food. This is true even 
when it is fed with sugar and starch to a wide nutritive ratio. 

2. Pigs upon an absolute maintenance diet ate in addition 
only small quantities of cottonseed meal and were not greatly 


injured by it. 
3. So called cottonseed meal injury is due in large part to 


inadequate diets. 
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THE PHYSIOLOGICAL RELATION OF PLANT CAROTI- 
NOIDS TO THE CAROTINOIDS OF THE COW, 
HORSE, SHEEP, GOAT, PIG, AND HEN. 


By LEROY S. PALMER. 
(From the Dairy Chemistry Laboratory, University of Missouri, Columbia. ' 


(Received for publication, July 24, 1916.) 


It has been shown by the author’ that the natural yellow pig- 
ments which characterize the milk fat and tissue fat of the cow, 
the milk fat of the human, and the egg yolk and tissue fat of 
the hen, owe their origin to the carotin and xanthophyll pig- 
ments present in the food. These natural plant pigments, which 
are collectively known as carotinojds, appear to be transferred 
in some simple fashion by the blood serum from the digestive 
tract to the fat-forming organs where they became incorporated 
with the synthesized fat. Just how this is brought about is 
at present obscure. The author has shown conclusively, how- 
ever, that the presence of pigment in deposited tissue fat, or in 
the egg yolk, or in the milk fat depends exclusively upon the 
presence of the same pigment in the blood serum. For example, 
when cows were fed rations nearly devoid of carotinoids, these 
pigments practically disappeared from the blood serum, and the 
milk fat became almost colorless. Similarly, when laying hens 
were fed rations nearly devoid of carotinoids the blood serum, 
as well as the egg yolks, showed almost complete absence of these 
pigments. | 

Probably the most interesting result of the study of the yellow 
pigments which characterize animal fat has been the demon- 
stration of the fact that the yellow pigments which are resorbed 
from the digestive tract of the cow consist almost exclusively 
of carotin, very small portions of the xanthophyll group of pig- 
ments being present. The pigment which characterizes the 


1 Palmer, L. S., and Eckles, C. H., J. Biol. Chem., 1914, xvii, 191. 
Palmer, L. S., tbid., 1915, xxiii, 261. 
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egg yolk and tissue fat of the hen, on the other hand, consists 
almost exclusively of xanthophyll, relatively little carotin being 
resorbed. The pigments of human milk fat, in the case of one 
woman studied by the author, appear to consist of much more 
nearly equal parts of the two classes of carotinoids. 

Another interesting fact developed with reference to the man- 
ner in which the blood serum of the cow and hen carries the pig- 
ment characteristic of the species. In the case of the cow the 
carotin of the blood serum is in some sort of physical or chemical 
combination with albumin. This compound, which the author 
has called caroto-albumin, is easily isolated from fresh serum. 
It is readily soluble in water, while carotin itself is scluble only 
in the fat solvents. In the case of the hen serum, however, no 
such combination appears to exist between xanthophyll and 
protein, the pigment being readily extracted from the serum with 
ether, which is in marked contrast to the complete failure of 
pure ether to extract any carotin from the fresh blood serum of 
the cow. 


Carotinoids in Other Species of Animals. 


The presence of carotin in the cow and xanthophyll in the 
hen, in each case to the relative exclusion of the other members 
of the carotinoid group, raised the questicn of what pigments 
characterize the tissue fat and blood serum of animals of other 
species. The author has recently had an opportunity to investi- 
gate this question in the case of the horse, pig, sheep, and goat. 
It is the purpose of this paper to set forth briefly the results of 
that study. 

Carotinoids in Swine.—Considerable interest was attached 
to the study in the case of the swine, and also in the case of the 
sheep, reported below, on account of the fact that the tissue fat 
of each of these species is characteristically colorless. The ques- 
tion involved was whether this would be found to be due to dif- 
ferences between these species and the cow and hen at the seat 
of the fat synthesis, or to the failure of the carotinoids to be re- 
sorbed from the digestive tract. 

Blood was secured from three pure-bred swine, representing 
the Duroc-Jersey, Poland China, and Berkshire breeds. For 
several weeks before they were slaughtered the animals had run 
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on pasture containing an abundance of fresh blue-grass. The 
conditions were thus most favorable for the largest transfer of 
carotinoids into the blood stream. The blood from each of the 
animals was defibrinated at once, and the plasma centrifugalized. 
The serum was tested tor the presence of carotin and xanthophyll 
by several methods. The reader is referred to the previous work 
by the author? for a description of these methods. Desiccation 
of the serum with plaster of Paris and extraction with petroleum 
ether and ether after moistening with absolute alcohol is the easiest 
and most reliable method for extracting the carotinoids from 
blood serum. 

The results in the case of each of the three pigs were absolutely 
negative. Not a trace of either carotin or xanthophyll was pres- 
ent in the blood serum. 

Carotinoids in Sheep.—Blood was secured from five pure- 
bred ewes, representing the following breeds: Dorset, Hamp- 
shire, Merino, Shropshire, and Southdown. Each of the ewes 
was in milk with the exception of the Hampshire. The animals 
received an abundance of fresh blue-grass pasture for several 
weeks before they were bled. The blood was secured from the 
jugular vein by means of a trocar, about 150 cc. being obtained 
from each animal. The four ewes in milk were milked at the 
same time the blood was drawn, the milk from the Dorset and 
Southdown ewes being combined, as was also that from the 
Merino and Shropshire ewes. 

The blood from each animal was defibrinated, the plasma cen- 
trifugalized, and the serum examined for the presence of caroti- 
noids. The extracts from 10 ce. portions of the serum failed to 
reveal any pigment whatever, but the combined extracts from 
about 150 ec. of serum, when concentrated to a volume of 5 to 10 
ee. showed a pale yellow color, which was completely extracted 
from 85 per cent alcohol by both petroleum ether and carbon di- 
sulfide, indicating that the pigment was carotin. The merest 
traces of pigment thus appeared to be present in the blood of the 
five sheep examined. 

The milk obtained from the ewes was churned, without sepa- 
rating, on account of the small amount obtained. The butter 
in each case was “‘dead” white in color, but when rendered it 


? Palmer and Eckles, J. Biol. Chem., 1914, xvii, 223-236. 
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had a faint greenish tint which may have been due to the presence 
of carotin. Not enough butter fat was secured to investigate 
this point further. 

Carotinoids in the Goat._-Blood was secured from a she-goat of 
the Angora breed while receiving an abundance of fresh green feed. 
The goat was dry at the time, so that no milk was obtained. 

The study of the blood serum indicated the possible presence 
of faint traces of carotin. The extract of 10 cc. of serum would 
have been judged colorless, however, had it not been compared 
carefully with a similar amount of fresh petroleum ether. 

The study of the vellow pigmentation in the case of the goat 
was of special interest owing to the investigation of the trans- 
ference of pigments into milk by Dombrowsky,’ who fed a goat 
on carrots and observed whether the carotin passed into the 
milk. Two feeding trials 2 weeks apart resulted in the obser- 
vation by Dombrowsky that the milk was yellowish on the even- 
ing of the 2nd day of the first feeding trial and was clearly yel- 
lowish on the 3rd and 4th days of the second trial. An attempt 
to show that the color was due to carotin resulted in failure in 
each case. The test used was the application of the well known 
color reaction of carotin with concentrated H.SO,, to the residue 
from an ether extract of the milk. If considerable carotin was 
present, which the author doubts, the test used by Dombrowsky 
would have been vitiated by the fat present in the extract, since 
no attempt was made to eliminate it. It is unfortunate that 
Dombrowsky failed to observe whether the fat in the milk showed 
an increased color accompanying the carrot feeding. A state- 
ment of the breed of the goat used would also have enhanced 
the value of his results. 

Carotinoids in the Horse.—Blood serum was secured in the 
usual way from a horse which had been running on fresh blue- 
grass pasture for several weeks. The serum was found to be 
rich in carotin. No xanthophyll was found to be present. The 
manner in which the horse serum carries the carotin was found 
to be identical with that of the cow. The isolation of the water- 
soluble caroto-albumin from 100 cc. of serum was carried out 
with the greatest ease. The method used may be of interest 
to the reader and will be described briefly. 


? Dombrowsky, Arch. Hyg., 1904, 1, 183. 
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100 cc. of the fresh serum were diluted with an equal volume 
of water and treated with 200cc. of saturated (NH,)2SO, solution. 
After standing 1 hour the globulin was filtered off on a Buchner, 
using suction. The deep yellow filtrate was heated carefully 
in a water bath to 79°C. The heavy coagulum which formed 
was filtered off on a Buchner, using suction. The golden yellow 
filtrate was treated with (NH,).SQO, in substance until precipita- 
tion of the pigmented protein occurred. This was filtered off, 
using suction, which was continued until the precipitate on the 
funnel was free from visible moisture. It had a dark yellowish 
brown appearance. It dissolved readily in 50 cc. of warm water, 
giving a deep yellow solution. It was not possible to extract the 
carotin from this solution until the pigment was first freed from 
the protein with alcohol. 

The amount of carotin carried by a unit volume of horse serum 
was found to be considerably less than that carried by the serum 
of the cow. Where 5 cc. of horse serum gave an extract giving 
a reading of 3.75 units of yellow and 0.4 units of red in the Lovi- 
bond tintometer in a 1 inch Jayer and 12.5 ce. volume, a similar 
amount of cow serum under like conditions gave an extract in 
former studies showing as high as 27.0 units of vellow and 0.9 
units of red. 

No opportunity was offered to investigate the yellow pigment 
which characterizes the tissue fat of the horse, but it may with 
safety be assumed to be carotin in view of the results of the 
studies made by the author with the cow and hen. 


CONCLUSIONS. 


A definite physiological relation exists in all species of animals 
between the pigmentation of tissue fat with carotinoids and the 
presence of these pigments in the blood serum. Species whose 
tissue fat is colored with the carotinoids, which include the cow, 
horse, and hen, carry the pigments in the blood serum. Species, 
the tissue fat of which is characterized by being colorless, includ- 
ing swine, sheep, and goats, carry only insignificant traces of the 
earotinoids in the blood serum even under the most favorable 
conditions. 

An abundance of carotin in the blood serum and in the tissue 
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fat is not a specific characteristic of the ruminants, as indicated 
by the absence of carotin from the blood serum and tissue fat 
of sheep and goats and its presence in the horse. The factors 
underlying the difference between these species in this respect 
offer an interesting field for study, as do those factors which 
cause the relatively exclusive resorption of carotin in the case 
of the cow and horse, and xanthophyll in the case of the hen. 
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THE RELATION OF THE UNIDENTIFIED DIETARY 
FACTORS, THE FAT-SOLUBLE A, AND WATER-. 
SOLUBLE B, OF THE DIET TO THE GROWTH- 
PROMOTING PROPERTIES OF MILK.* 


By E. V. McCOLLUM, N. SIMMONDS, anv W. PITZ. 


(From the Laboratory of Agricultural Chemistry of the Wisconsin Experi- 
ment Station, Madison.) 


(Received for publication, July 31, 1916.) 


The results of nearly a thousand feeding experiments which 
we have conducted with our rat colony during the last few years 
all support the working hypothesis which we have explained 
and supported by experimental evidence in a number of pre- 
vious papers.! This assumes the necessity of two dietary 
essentials as yet unidentified in the diet for growth or prolonged 
maintenance; viz., the fat-soluble A of butter fat and certain 
other foodstuffs, and the water-soluble B which we have supplied 
by means of extracts prepared with water or alcohol from several 
foodstuffs. 

These substances, or possibly groups of substances, which 
are indispensable from the diet during growth are of interest in 
relation to their possible formation within the maternal organism 
in connection with milk secretion. Experimental inquiry has 
not yet revealed the degree of dependence of animals upon a 
supply of these two dietary factors after growth has been com- 
pleted. The evidence available would seem to point to the neces- 
sity of at least one of them, the water-soluble B, throughout 
life, for extracts which contain it induce relief of polyneuritis, 
and this may have its incidence at any time during life. The 


* Published with the permission of the Director of the Wisconsin Experi- 


ment Station. 

1 McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiu, 181, 231. 
McCollum, E. V., Simmonds, N., and Pitz, W., 7did., 1915, xxv, 105. 
Hart, E. B., Miller, W. S., and McCollum, E. V., tbid., 1916, xxv, 239. 
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o4 Unidentified Dietary Factors * 


failure of rats to remain in a state of health on diets lacking 
the fat-soluble A we have pointed out in the papers cited. 

The possibility still remains that the gonads, particularly 
in the female, or the mammary tissue, may be capable of pro- 
ducing one or both of these two dietary factors for the preserva- 
tion of the young. The prevalence of infantile beri-beri among 
children whose mothers’ diet is insufficient to prevent this dis- 
ease may be raised against this assumption. The possibility 
still remains, however, that the diet of these people, which is 
restricted as to source and variety, and is of poor quality, may 
be inadequate with respect to the preventive substance itself 
and also as to its content of a possible precursor from which it 
might be formed through the peculiar property of a special or- 
gan in a manner analogous to the formation of the various hor- 
mones of internal origin. 

In order to test this point it seemed desirable to observe the 
ability of normal female rats to suckle their young when confined 
to a diet which is known to be adequate for growth when satis- 
factory amounts of the unidentified A and B are added, and in- 
adequate for growth when either of these factors is omitted. 
The paucity of such a diet in possible precursors is hardly to be 
expected and the results should enable us to decide whether 
these two essential substances pass into the milk only when they 
are furnished in the diet. 


Method of Procedure. 


Female rats were fed a ration of natural foodstuffs until they 
delivered their young. When the birth of young was observed 
the litter was in all cases reduced to four, in order that the nutritive 
undertaking for the mother in rearing them might not be exces- 
sive. Several series of experiments were conducted in which 
the basal ration consisted of purified casein, dextrin, inorganic 
salts, and agar-agar. It was adequate for growth except for 
the absence of the dietary factors A and B. In a second series 
the same ration plus butter fat (fat-soluble A) was employed. 
In a third series the water-soluble B only was added to the basal 
ration in the form of an alcoholic extract of wheat embryo, and 
in a fourth series both the fat-soluble A and the water-soluble 
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B were added. The results of feeding these rations to nursing 
mothers, as shown by their ability to induce growth in their young, 
are shown in Charts 3 to 6. For comparison we include also 
the records of rats fed a ration during the lactation which con- 
tained both the unidentified A and B but lacked protein. 


DISCUSSION OF RESULTS. 


The observation of Decaisne,? during the siege of Paris, that 
even during fasting or partial fasting vigorous voung women 
were able to keep up a flow of milk sufficient to induce some growth 
in their infants, is in harmony with unpublished data obtained 
by Professor Hart of this laboratory. His data show that cows 
tend to keep up the flow of milk when the character of the diet 
is such as to induce a decided negative nitrogen balance, and that 
the product closely approximates the normal composition with 
respect to the constituents usually determined in analysis. This 
supports the view that the failure of the voung to grow in cer- 
tain of these experiments was not due to a depression of the milk 
supply, but to the production of milk which was not adequate 
for the promotion of growth on account of its deficiency in one 
or both of the unidentified factors we are considering. 

It seems necessary to conclude that these two constituents 
of the diet pass into the milk only as they are present in the diet 
of the mother, and that milks may vary in their growth-pro- 
moting power when the diets of the lactating animals differ 
widely in their satisfactoriness for the growth of young. 

It seems further justifiable to conclude that the chemical 
natures of the fat-soluble A and the water-soluble B, whether 
these represent in each case a single substance or a group of 
substances, are of such a character that they cannot be formed 


within the animal body from any of the cleavage products of 
proteins. 


? Decaisne, E., Gaz. méd. Paris, 1871, 317. 
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CHART 1. 


Chart 1, Lot 503, illustrates the rate of gain of a litter of four 
young rats when the ration of the mother consisted of a highly 
satisfactory mixture of natural foodstuffs. The mother was 
able to increase her weight while the young were gaining at a 


remarkable rate. 
We have described elsewhere the growth and reproduction 


records of rats confined to this diet.® 


® McCollum and Davis, J. Biol. Chem., 1915, xxi, 638. 
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The ration of this rat consisted of: 


10.0 Composition of Salt Mixture 211. 
Salt mixture (211)........ 3.6 1.971 
5.0 Fe acetate.............. 0.100 


Chart 2, Lot 640, Period 1, illustrates the extent to which 
the mother can sacrifice her own tissues for the preservation of 
the young when her diet contains all the essential factors except 
protein, and shows the rapid loss in weight of the mother and the 
slow growth of the young. Upon the addition of 18 per cent 
of casein in Period 2 after 5 days and 9 days respectively on the 
protein-free diet, they were able to increase perceptibly the 
rate of growth of the young and practically began to maintain 
their own body weights. 

The ration in Period 1 (Lot 640) consisted of: 


89.3 Composition of Salt Mixture 185. 
Salt mixture (185)........ 3.7 0.173 
Butter fat................ MgSO, (anhydrous)...... 0.266 
CaH, (PO,):H,O 0.540 
1.300 


The dextrin carried the alcoholic extract of 10 gm. of wheat embryo. 
In Period 2, 18 per cent of casein replaced an equivalent amount of 


dextrin. ‘ 
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Chart 3, Lot 504, illustrates the degree to which the mother 
can induce growth in the young when the diet contains an ade- 
quate amount of protein, carbohydrate, and inorganic salts. 
Without the unidentified dietary factors, the fat-soluble A and 
water-soluble B in the food, the milk of the mother does not 
induce growth in the young except as she sacrifices her own tissues 
for their preservation. She is unable to do this beyond a limited 
extent. Composition of the ration, Lot 504: 


For the composition of Salt Mixture 185 see above. 


Chart 4, Lot 506, shows Rats B and D which received a food 
mixture which lacked only an alcoholic extract of a natural food 
to supply the unknown dietary B., The increase in the weight 
of the young was about the same as that seen when the mothers’ 
diet lacked the protein factor. Rat A kept her young grow- 
ing slowly during 16 days without the factor B in her diet, when 
growth ceased. On changing her to Ration 503 (Chart 1) which 
contained both milk powder and wheat, the young began to 
grow very rapidly. 

Rat C was not so vigorous an animal and induced growth in 
her young only at the expense of decided loss of her own body 
tissue. The addition of both the unidentified factors by the 
inclusion of butter fat and an alcoholic extract of wheat embryo 
did not improve the quality of her milk to a very great degree, 
but checked the rate of decline of the mother. When given Ration 
503 (Chart 1) containing both the A and B in liberal amounts, 
together with better proteins, the young began to grow on the 3rd 
day after the change. Composition of the ration, Lot 506: 


For the composition of Salt Mixture 185, see above. Period 2, Rat A 
was given Ration 503. See Chart 1. Rat C. The dextrin of her ration 
carried the alcoholic extract of 10 gm. of wheat embryo. Period 3, Rat 
C was given Ration 503. See Chart 1. 
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In Chart 5, Lot 505 B, Period:1, the ration of all three rats 
was the same, and lacked the fat-soluble A and derived the water- 
soluble B from the cold water extract of 50 gm. of rolled oats 
for each 100 gm. of ration. In Period 2 the changes made in 
the rations of Rats A and B were as follows. 

Rat A was changed to the alcoholic extract of 10 gm. of wheat 
embryo per 100 gm. of ration as a source of the dietary B, and 
butter fat was added to supply the A. Her young did not grow 
at the maximum rate, but their growth was continuous and they 
were successfully weaned. We are inclined to the belief that 
18 per cent of casein is hardly sufficient for the lactating rat and 
to attribute the somewhat slow growth to this cause. 

In Period 2, Rat B was given butter fat and the cold water 
extract of rolled oats was increased so that each 100 gm. of ration 
carried the extract of 150 gm. of oats. There was surprisingly 
little benefit from these changes. Cold water extract of rolled 
oats may not furnish the B, or as is more probable, the other 
extractives (salts, etc.) from so large an amount of oats may 
have had an unfavorable effect on the mother. We did not 
investigate this matter further, 

The ration employed (Lot 505 B) had the following composi- 
tion: | 


The dextrin carried the cold water extract of 50 gm. of rolled oats. 

lor the composition of Salt Mixture 185, see above. 

Period 2, Rat A. 5 per cent of butter fat was introduced in place of 
an equivalent amount of dextrin. 

Rat B received the same ration as did Rat A, Period 2, except that the 
water-soluble B was furnished by the cold water extract of 150 gm. of 
rolled oats. This extract was carried by the dextrin. 
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Chart 6, Lot 504 B, Rat A, shows fairly satisfactory growth 
in the young and practically maintenance of body weight of the 
mother on our basal ration to which both the fat-soluble A and 
water-soluble B were added at the beginning of the nursing 
period. The failure of the young in these two litters as well 
as those in Chart 5, Rat A, to grow at the maximum rate is prob- 
ably to be attributed to the inadequacy of 18 per cent of casein 
as a source of protein for the lactating rat. 

Rat B, Lot 504 C, whose ration was similar to that of Rat 
A except that double the amount of alcoholic extract of wheat 
embryo was contained in it, failed to promote the growth of her 
young any better because of the high content of the dietary 
factor B, indicating that the extract of 10 gm. of embryo which 
was contained in other rations of this series, supplied an adequate 
amount of this substance. 

The ration (Lot 504 B) consisted of: 


The dextrin carried the alcoholic extract of 10 gm. of wheat embryo. 

For the composition of Salt Mixture 185, see above. 

For Lot 504 C the ration was the same as that of 504 B except that the 
dextrin carried the alcoholic extract of 20 gm. of wheat embryo. 
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THE INFLUENCE OF ETHER ANESTHESIA ON 
AMINO-ACIDS OF BLOOD SERUM. 


By ELLISON L. ROSS. 


(From the Department of Pharmacology, Northwestern University Medical 
School, Chicago.) 


(Received for publication, August 7, 1916.) 


The pharmacology of ether used as an anesthetic is the sub- 
ject of many conflicting theories and statements. The numerous 
phases of the subject still need minute and extensive investi- 
gation before any clear conception of the action of this much 
used compound can be secured. We have already made studies 
of the dextrose and diastase content of the blood as affected by 
ether anesthesia.! In this case the amino-acid content of the 
blood serum has been the subject of investigation. 


EXPERIMENTAL WORK. 


Five groups of dogs were used in this work. Each group 
was treated differently. Group I was fed ground lean beef 
daily for 1 week. Each dog received 250 gm. about noon each 
day. The operative work was done on the dogs the day after 
the last feeding. A sample of blood was taken from the jugular 
vein just before anesthesia. The ether was given by forcing air 
saturated with ether into a nose mask for the dog. After surgical 
anesthesia had continued for 15 minutes another sample of blood 
was taken. The amino-acid content of the blood was determined 
by the method of Van Slyke? with the modification that the 
sample and reagents were increased five times and the deter- 
minations made on 2 cc. volume of the total filtrate which had 
been made up to 10 cc. volume. Several determinations were 
made on each sample and the average was taken as the correct 
result. The results of the work on Group I are given in Table I. 


' Ross, E. L., and McGuigan, H., J. Biol. Chem., 1915, xxii, 497. 
2 Van Slyke, D. D., Vinograd-Villchur, M., and Losee, J. R., J. Biol. 
Chem., 1915, xxiii, 385. 
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TABLE I. 
Influence of Ether after a Week of Meat Feeding. 
Mg. of amino N per cc. of serum. 
Dog. 
Before ether. of Change. 
1 0.066 0.064 —().002 
? 0.046 0.049 +0.003 
3 0.069 0.063 —0.006 
4 0.111 0.110 —(0.001 
5 6.111 0.101 —().010 
Average....... 0.0806 0.0774 —0.0032 
—4.0 per cent 


Group II was made up of five dogs which were fed on a low 
protein diet for 1 week previous to the test. 
gm. of a mixture of crackers 2 parts and lard 1 part. The ani- 
mals otherwise were treated in the same way as those of Group I. 


The results are given in Table II. 


TABLE II. 


They were fed 200 


Influence of Ether after a Week of Low Protein Diet. 


Mg. of amino N per cc. of serum. 


Dog. : 

Before ether. | — fo Ae of Change. 

1 0.070 0.074 +0.004 

2 0.022 0.024 +0 .002 

3 0.037 0.034 —0.003 

4 0.063 0.063 —0.000 

5 0.049 0.046 —0.003 
Average... 0.0482 0.0482 ~—0.000 

0.0 per cent 


Group III consisted of five dogs which had not been receiv- 
ing a special diet before the tests. Half.an hour before bleed- 
ing the first time each dog was given a mixture containing 100 


gm. of sugar, 16 gm. of starch, and water. 


After bleeding they 


were anesthetized and treated as were the dogs of the preceding 
groups. The results are given in Table III. 
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Mg. of animo N per cc. of serum. 
Dog. 
Before anesthesia. Af ponder of Due to ether. q 
1 0.072 0.069 —0.003 
2 0.054 0.055 +0.001 4 
3 0.069 0 061 —0.008 
4 0.062 0.067 +0.005 4 
0.068 0.070 +0.002 
Average....... 0.065 0.0644 ~0 0006 
—0.9 per cent 


Group IV consisted of ten dogs which had not been previously 
dieted. ‘They were bled, fed 200 gm. of ground lean beef each, 
bled at the end of half an hour after feeding, anesthetized, and 
after 15 minutes of surgical anesthesia, bled again. Amino- 


acid determinations were made on the s° nples. 


are given in Table IV. 


Influence of Ether 3 Hour after Meat Feeding. 


TABLE IV. 


The results 


Mg. of amino N per cc. of serum. Changes. 
Dog. 

1 0.061 0.061 0.051 0.000 —0.010 

2 0.123 0.112 0.116 —0.011 +0.004 

3 0.071 0.072 0.057 +0.001 —0.015 

4 0.118 0.130 0.124 +0.012 --0.006 

5 0.046 0.051 0.041 +0.005 —0.010 

6 0.149 0.127 0.138 —0.022 +0.011 

7 0.049 0.046 0.038 —0.003 —0.008 
8 0.121 0.118 0.130 —0.003 +0.012 4 
9 0.071 0.076 0.062 +0.005 —0.014 Zl 
10 0.144 0.140 0.140 —0.004 0.000 a 
Average.. 0.0953 0.0933 0.0897 — 0.0020 —0.00 6 
2.1 3.9 j 
per cent | per cent 
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Group V was made up of undieted dogs.» They were bled, 
fed a pound of ground lean beef each, bled after 4 hours, anes- 
thetized, and bled again after 15 minutes of anesthesia. The 
results are given in Table V. 


TABLE V. 
Influence of Food and Ether. 


Mg. of amino N per cc. of serum. Changes. 
Dog. 
1 0.116 0.16S 0.160 +0 .052 —0.008 
2 0.105 0.159 0.148 +0 .054 —0.011 
3 0.091 0.136 0.144 +0.045 +0.008 
4 0.081 0.179 0.135 +0.098 —().044 
5 0.097 0.141 0.124 +0.044 —Q.017 
Average.. 0.098 0.1566 0. 1422 +0 .0586 —0.0144 
+59.8 —9 2 
per cent per cent 
+47.8 —4.6 
per cent* | per cent* 


*Averages with the omission of Dog 4, in which there was an excep- 
tionally large increase due to feeding, and a correspondingly large de- 
crease due to ether. | 


DISCUSSION. 


The results given in Table I show the influence of ether anes- 
thesia on the amino-acid content of the blood serum of dogs 
which had been dieted for 1 week on lean beef. There was a 
small drop in four out of five cases.’ The average change in 
the group was a drop of 4.0 per cent of the original content of 
the serum. 

The change in the amino-acid content of the blood serum due 
to anesthesia of dogs fed on practically no protein for 1 week is 
given in Table II. In one case there was no change, in two there 
was an increase, and in two a decrease. The average of all five 
changes was zero. 

The figures given in Table III show the change, due to ether, 
in the amino-acid content of blood serum of dogs which half an 
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hour previous to anesthesia received considerable amounts of 
carbohydrates. The results are variable. Three out of five 
show an increase due to ether but the average of all shows a 
decrease of 0.9 per cent. Compared with the wide individual 
variations, the average change is negligible. 

Table IV gives the results of feeding meat half an hour before 
anesthesia. The change in the amino-acid content of the blood 
serum due to the taking of food and to the administration of 
ether is determined. The individual changes due to both food 
and ether are variable; some are positive and some are negative. 
The average change due to meat feeding was a fall of 2 per cent 
and that due to ether anesthesia following a fall of 3.9 per cent. 

Table V contains data on the amino-acid change of the blood 
serum due first to 4 hours of meat digestion and second to ether 
anesthesia following. The average change for all five dogs 
due to meat digestion was 59.8 per cent increase and that due to 
ether anesthesia was a fall of 9.2 per cent. Dog 4 made an enor- 
mous increase due to feeding and a very exceptionally large 
- decrease due to the ether. Averaging the results of the other 
four dogs, there was an increase due to meat digestion of 47.8 
per cent and a decrease due to anesthesia of 4.6 per cent. This 
probably is more near the changes that would be found in the 
average normal dog. Van Slyke and Meyer’ obtained similar 
results. | 

It is interesting to note that very roughly the amount of de- 
crease of amino-acids due to ether anesthesia follows the initial 
amino-acid content of the blood. This is shown in the following 
table compiled from the preceding tables: 


Table. Amino N before ether. Fall. 
per cent 
II 0.0482 0.0 
III 0.0650 0.9 
0.0953 3.9 
I 0.0806 4.0 
V 0.0980 4.6-9.2 


3 Van Slyke, D. D., and Meyer, G. M., J. Biol. Chem., 1912, xii, 409. 
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CONCLUSIONS. 


The amino-acid content of the blood serum of dogs is affected 
as follows. 1. Not materially changed in half an hour by feed- 
ing either carbohydrates or meat. 2. Increased considerably 
in 4 hours after feeding a pound of meat to each dog. 3. Not 
materially decreased by 15 minutes of ether anesthesia, first, 
after a week of meat diet, second, after a week of low protein 
diet, third, half an hour after feeding meat, or fourth, half an 
hour after feeding carbohydrates and fat. The decrease at most 
is not above 4.0 per cent. 4. Decreased 4.6 to 9.2 per cent after 
an amino-acid rise due to 4 hours of meat digestion. 
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STUDIES ON GROWTH. 


III. THE COMPARATIVE VALUE OF LARD AND BUTTER 
FAT IN GROWTH. 


By CASIMIR FUNK ann ARCHIBALD BRUCE MACALLUM.* 


(From the General Memorial Hospital, Harriman Research Laboratory, 
Roosevelt Hospital, New York, and the Department of 
Pathological Chemistry, University of Toronto.) 


(Received for publication, August 3, 1916.) 


In our first communication! of this series, we advanced the 
opinion that we were dealing with a problem very similar to, if 
not identical with, beri-beri. Our main objective was to ascer- 
tain the simplest dietary conditions necessary to enable a young 
rat to reach maturity. Subsequently we found? that artificial 
diets containing butter, without yeast or similar vitamine-con- 
taining substances, are insufficient to promote growth in young 
rats; and at that time the question whether butter could be re- 
placed by lard with the same ultimate success was left open. 
We have carried out experiments of longer duration, employing 
both lard and butter as the fat fraction of these diets, and sub- 
mit results which enable us to form a more definite opinion as 
to the relative value of these two fats. 

Our experience demonstrates that there are wide variations 
depending on the constitution of the individual rats. Every 
rat taken indiscriminately is not suitable for this class of work. 
As a matter of fact in experiments carried out in Toronto 80 


per cent of the rats purchased from dealers were rejected on ac- 


count of physical defects not apparent before the initiation of 
the experiment. A second complication is a diminished resist- 
ance to infection, which follows the use of all artificial diets. 
The meager knowledge we possess of the pathological conditions 


* Senior Fellow in Medical Research. 
1 Funk, C., and Macallum, A. B., Jr., Z. physiol. Chem., 1914, xeu, 13. 
Funk and Macallum, J. Biol. Chem., 1915, xxiii, 413. 


ol 


¥ 


= 


4 
ak 


§ 
é 
| 
| 
| 
. 


3 

4 

> 

4 

» 

4 

2 

$ 

¢ 


52 Studies on Growth. III 


in rats may lead to a condemnation of the diet; whereas actually 
the condition could be remedied without change of diet, if we 
were able to recognize its nature. As an example of this, rats 
on artificial diets frequently contract an eye infection which 
can be treated with a certain degree of success by an application 
of a few drops of zinc sulfate solution. If untreated this condi- 
tion is accompanied by loss in weight, becomes acute, and ter- 
minates fatally. 

The first series of experiments were carried out on diets 
containing lard as the fat component, and dried powdered 
yeast. Rats on this diet grew normally for 60 to 90 days, but 
eventually displayed symptoms (bleeding from the eyes, nose, 
and ears, petechie and hemorrhages under the skin of the tail) 
which might be regarded as scorbutic. This terminated fatally 
if no change of diet was effected. When moist yeast was sub- 
stituted for the dried preparation the rats could be kept for 150 
days and attained approximately adult size. Autolyzed yeast 
was equally efficient in this respect. Similar results were ob- 
tained on addition of orange juice to the drinking water, al- 
though orange juice itself has neither growth-promoting nor 
maintaining properties, unless supplemented by yeast. 

Diets in which butter partially or wholly replaces lard have a 
slight superiority over those containing lard, which is more than 
can be explained by the antiscorbutic properties of the butter. 
Rats on yeast and butter diets often show the eye affection re- 
garded by most of the investigators as characteristic of dietary 
deficiencies, and we are convinced that none of the artificial 
diets so far investigated can be compared with a normal dietary 
in its efficiency for growth. This deficiency introduces an addi- 
tional complication and must be taken into account in subse- 
quent investigations. 


EXPERIMENTAL. 


The methods of preparing the diets were very much the same 
as those described in our earlier publications. The experiments 
varied slightly as to their conditions in New York and Toronto 
but the ultimate results were identical. The charts and tables 
are representative of the different groups of experiments. 
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Experiment I. 


Rats 49, 50, 51, and 52 (Fig. 1) were kept on diets containing 
dried yeast and lard for about 68 days. At that time a deficiency 
was noticed which, in previous experiments, led to the death 
of all the rats and could not be corrected by a larger supply of 
dried yeast. Then fresh moist pressed yeast was substituted, 
the deficiency disappeared, and the rats attained approximately 
adult weight. 

A second series, Rats 61 and 62 (Fig. 2), were placed on diets 
containing lard for 44 days, being changed to a diet of butter 
and dried yeast after this period. No increment in growth was 
noticed as the result of this change. 

In the butter experiments Rats 53 and 54 (Fig. 1) have also 
shown a marked improvement on changing the yeast from the 
dried to the moist form, more especially as regards their external 
appearance. Rats 47 and 48 (Fig. 2) were kept on diets with 
butter and dried yeast and these have also developed symptoms 
which persisted when the diets were substituted by lard and 
autolyzed yeast. Rats 59 and 60 (Fig. 2), exceptionally healthy 
’ gpecimens, were kept on butter-containing diet for 44 daysand 
then changed? to diet with lard and autolyzed yeast, for a longer 
period than was indicated in the chart, without the rate of growth 
being modified. On several occasions rats showing deficiency 
on a lard-containing diet were placed on a butter diet with the 
hope of relieving the symptoms. The improvement which re- 
sulted from th’s.change was only temporary and several rats 
died after being kept 30 days on butter. 

In all the experiments a marked improvement resulted when 
a diet of a different composition was given or even from a fresh 
preparation of the same diet. This might indicate that the 
diets lose part of their nutritive value when stored for lengthy 
periods. 


3’ Encircled numbers on Fig. 2 indicate the point at which that diet was 
begun. 
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Diets (Gm.). 
1. 2. 3. 4. 5. 
22 22 22 22 22 
10 10 10 10 10 
30 27 27 29 27 
30 30 30 30 30 
3 6 3 
Yeast (moist) equal to. . y 
Rats 49 and 50. Males. Rats 51 and 52. Males. 
0- 68 days Diet 2 0- 52 days Diet 1 
69- 98 “ 
99-150 69- 98 “ 
99-150 “ 
Weight. Average Weight. Average 
Days. food intake ood intake 
49. 50. per day. 51. 52. per day 
gm. gm. calories gm. gm. calories 
0 44 46 41 46 
4 55 58 77.4 62 55 78.2 
8 81 85 92.4 72 65 81.3 
12 96 100 103 .2 91 82 67.2 
16 104 110 105.7 102 91 97.1 
20 119 124 110.3 110 100 102.2 
24 132 137 110.5 119 110 106.8 
28 146 150 110.0 132 120 100.3 
32 150 158 111.0 138 128 100.8 
36 162 163 109.3 148 138 112.2 
40 170 174 114.6 159 147 116.2 
44 173 176 114.3 160 150 115.2 
48 177 180 111.1 163 150 117.5 
52 178 184 95.4 170 158 108.6 
56 182 188 110.8 176 161 120.3 
60 185 191 103.8 178 163 106.6 
64 186 176 78.7 175 164 96.9 
68 184 182 90.0 192 167 120.7 
76 199 200 115.9 116.3 
84 201 201 98.5 206 190 108.5 
100 207 205 85.0 209 192 91.0 
120 200 205 105.7 210 190 103.7 
140 193 201 76.3 216 186 85.4 
150 192 203 75.8 221 199 67.4 
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Diets (Gm.). 


2. 


Butter fat.. 


Yeast (dry) 


Yeast (moist) equal to| 


1 of 
dry yeast. 


3 of 
dry yeast. 


Rats 53 and 54. Females. 


Q— 52 days Diet 1 
53- 68 
69-100 “ “ 

101-150 “ 


2 
3 


Diys. 


Weight. 


Average daily food 


intake. 


Donec 


calories 


74.3 
66.2 
72.0 
77.0 
73.5 
76.8 
81.1 
79.2 
88 .9 
87.3 
87.2 
83.7 
95.2 
79.8 
76.5 
79.2 
92.8 


1. | | 3. 4. 
22 22 22 | 22 
30 27 | 29 27 
18 18 18 .. 
¥ 12 12 12 
| 2 2 | 2 | 2 
3 6 | 
53. 54. | 
gm. gm. q 
43 41 
54 55 
63 
78 75 
80 80 
90 92 
96 95 
100 101 
106 106 a 
112 112 4 
112 112 4 
119 116 | 
123 126 
138 | 135 4 
144 146 
149 147 q 
147 153 
| 
| 4 
By 
ij 


Diets (Gm. ) 
1. 


bo 


bo 
Wwe 
mt DO bO 


1.5 of dry 3 of 
yeast. dry yeast. 


Yeast (autolyzed) equal to....... { 


Rats 47 and 48. Females. 
16 days Diet 1. 

123-140 “ 3. 


Weight. 
Days. intake. 


= 
= 
© 


| ie 132 139.5 154 14.6 
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Diets (Gm.). 


2. 
3 of dry 
Yeast (autolyzed) equal to.............. 
Rats 59 and 60. Males. Rats 61 and 62. Females. 
0-44 days Diet 2. 0-44 days Diet 1. 
45-64 “ 1. 45-64 “ 
Weight. Average Weight. Average 
Days. daily food Days. daily food 
59. 60. intake. 61. 62. intake. 
gm. gm. gm. gm. gm. gm. 
0 30.5 25 6.7 0 30.5 25.5 6.6 
4 40 31 8.2 4 38 32 9.3 
8 47.5 35.5 9.7 8 46.5 38 9.3 
12 59 42.5 11.2 12 55.5 43 10.7 
16 70 48 13.8 16 62.5 48 12.5 
20 81.5 58.5 14.8 20 71.5 55 12.6 
24 94 68 (16.2 24 80.5 61.5 14.6 
28 106 75.5 17.2 28 87.5 67 14.2 
32 114 82.5 20.1 32 93.5 71 16.1 
36 127.5 90 20.8 36 99.5 76 14.9 
40 139.5 100.5 23.8 40 105 80.5 14.2 
44 155 113 24.9 44 111.5 84.5 14.2 
48 167 124 23.7 48 115 83 16.6 
$2 180 138 21.8 52 123 96 17.6 
56 192 150 22.0 56 132 100 15.2 
60 199 157 21.1 60 142 104.5 17.1 
64 205 165 21.1 64 156.5 115 


Experiment II. 


The casein preparation used in this series was purified by 
washing, following the method of McCollum and Davis.‘ In 


4 McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 231. 
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this paper the authors claim that purification of casein by boil- 
ing with alcohol destroys some of the amino-acids and results in 
loss of its nutritive properties. The results in this case (Rats 
55 and 56, Fig. 1) were identical with those which were obtained 
with casein purified by extraction with hot alcohol. This latter 
method was used in purifying the casein in the first experiment. 


Diets (Gm.). 


1. 2. 2. 


ai 
wa 


dry yeast. | dry yeast. 


Rats 55 and 56. Females. 
59 days Diet 1. 
60- 87 
88-140 


Weight. 
Average daily food 
Days. intake. 


gm. gm. calories 
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Another series, of which Rats 13 and 14 (Fig. 2) are representa- 
tives, received casein which had been autoclaved for 1 hour at 15 
pounds’ pressure, according to McCollum and Davis. On this diet 
the rats failed to grow, but after 28 days 1 cc. of fresh orange 
juice was added, and normal growth was resumed. It seems 
probable that the impaired value of heated casein is not due so 
much to the destruction of amino-acids as to the loss of its anti- 
scorbutic properties. 


Diets (Gm.) 


1 2. 
Rats 13 and 14. Males. 
0O- 14 days Diet 1. 
15- 96 “ 
28-100 “ 1 cc. orange juice. 
itn A daily food 
Days. verage daily 
13 14. 
gm. 
0 
4 
8 
12 
16 
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Rats 13 and 14. Males—Continued. 
Weight. 
Days Average daily food 
13. 14. 
gm. gm. gm. 
56 93.0 54.6 12.4 
60 102.0 64.2 12.9 
64 119.3 © 78.6 15.6 
68 126.0 89.3 15.1 
72 130.0 91.6 15.4 
76 130.9 98 .6 14.9 
80 137 .4 103.8 15.1 
84 140.0 112.4 14.8 
88 144.7 117.0 11.2 
92 145.0 119.8 14.2 
96 147.0 123.0 11.4 
SUMMARY. 


The failure of rats to grow on a lard and yeast diet is partially 
due to the development of scorbutic symptoms. These can be 
relieved to a marked degree by using moist instead of dried yeast 
and still more so by using moist yeast and butter. Even in the 
latter case the existing deficiencies are not entirely corrected, 
since many rats decline on this diet. Rats which fail on lard 
do not always recover on a diet containing butter. It seems also 
possible that yeast on account of its high content in purines, and 
perhaps other constituents, is not an ideal addition in experiments 
of long duration, even in spite of its marked growth-promoting 
power. The impaired nutritive value of heated casein does not 
seem to be due to destruction of amino-acids but to destruction 


of vitamines. 
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STUDIES ON GROWTH. 


IV. THE ACTION OF YEAST FRACTIONS ON THE 
GROWTH OF RATS. 


By CASIMIR FUNK anp ARCHIBALD BRUCE MACALLUM.* 


(From the General Memorial Hospital, Harriman Research Laboratory, 
Roosevelt Hostal, New York, and the Department of Pathological 
Chemistry, University of Toronto.) 


(Received for publication, August 3, 1916.) 


The close relationship existing between the beri-beri and 
growth problems suggests the possibility of a fractionation of 
the active substance along lines already used in the investigation 
of beri-beri. Accordingly phosphotungstic acid was selected 
for the first attempt to separate out a physiologically active 
fraction which would stimulate the growth of young rats. The 
experimental difficulties which have repeatedly been empha- 
sized in the investigation of the beri-beri vitamine, due to in- 
stability of this substance, were also encountered in the study 
on growth. The physiological activity of the different fractions 
diminishes with each manipulation and both the problems of 
beri-beri and of growth will not be solved until more suitable 
methods for the isolation of vitamine are available. 

The results obtained so far clearly indicate that the growth- 
promoting substance is analogous to and possibly identical with 
the beri-beri vitamine and can be almost entirely precipitated 
with phosphotungstic acid. Subsequent fractionation of the res- 
idue obtained from the decomposed precipitate with silver nitrate 
and also with silver nitrate and baryta has shown that the 
precipitate containing purine bases and the filtrate from the 
silver nitrate and baryta precipitation are entirely negative as 
to their growth-promoting action; whereas the substances pre- 


* Senior Fellow in Medical Research. 
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cipitated with silver nitrate and baryta possess traces of the 
activity of the initial phosphotungsticacid precipitate. The 
experimental evidence indicates that considerably larger quan- 
tities of vitamines are necessary for stimulating growth than for 
curing beri-beri, and the losses occurring during fractionation 
are more apparent in the former than in the latter case. How- 
ever, it must be admitted that while it is uncertain whether 
these two substances are chemically different, the results ob- 
tained do not exclude such a possibility. Lloyd’s reagent, as 
recommended by Seidell,! has also been used as a precipitant 
without much success, as the rats on the filtrate have also shown 
increments in growth. 

In the first instance autolyzed yeast was slightly acidified 
with hydrochloric acid and completely precipitated.with phos- 
photungstic acid, carefully avoiding an excess of this reagent. 
After allowing the mixture to stand for 24 hours, the precipitate 
was collected on a Buchner funnel and repeatedly washed with 
a cold solution of phosphotungstic acid containing hydrochloric 
acid. The precipitate was then decomposed by the method 
described by Van Slyke,? with a mixture of amyl alcohol and 
ether and hydrochloric acid, only a small quantity of the precipi- 
tate remaining unchanged. After filtration of this small fraction 
the aqueous extract was evaporated in vacuo and the residue 
made up to a known volume and mixed in the diet in quantities 
calculated from the amount of autolyzed yeast necessary to 
promote growth. However, the quantity of this fraction had 
to be doubled and even tripled in order to obtain satisfactory 
results. The phosphotungstic acid filtrate was worked out in 
a similar way. This process offers the advantage that the yeast 
fraction is completely freed from substances soluble in lipoid 
solvents. The purine fraction was obtained from the phospho- 
tungstic acid precipitate fraction by precipitation with silver 
nitrate and subsequent decomposition with sulfuretted hydro- 
gen. The filtrate from the purine bases was precipitated with 
baryta in the usual way and the precipitate decomposed, freed 
from traces of baryta, evaporated, and the residue mixed with 


1 Seidell, A., U. S. Public Health Report, No. 325, 1916. 
2 Van Slyke, D. D., J. Biol. Chem., 1915, xxii, 281. 
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the diet. The filtrate from the fraction containing vitamines 
was reprecipitated with phosphotungstic acid and the precipi- 


tate obtained after thorough washing, decomposed with amyl 


alcohol and ether. The results with the purine fraction and also 
with the silver nitrate-baryta filtrate are not included in this 
paper as they were entirely negative. The effect of the silver 
nitrate-baryta fraction was not sufficiently marked to encourage 
further investigation. The diet contained lard as the fat con- 
stituent, and 1 per cent sodium bicarbonate was added to neutral- 
ize the hydrochloric acid present in this fraction. Orange juice 
to the extent of 1 cc. a day was added to the drinking water to 
prevent the onset of scorbutic symptoms. 

A large number cf rats were kept on the above diets, especially 
on the phosphotungstic precipitate and filtrate and the records 
of only a few were selected for publication, in order to save space. 
Rats 9 and 10 were kept on phosphotungstic acid filtrate through- 
out the experiment. Rats 11 and 12 were changed after 34 
days to the diet containing the phosphotungstic precipitate 
fraction which was followed by an improvement warranting the 
view that the growth-promoting substance is contained in this 
precipitate (Fig. 2 b). 


Diets (Gm.). 


1 2. 
2 
Phosphotungstate precipitate ............ 10 
10 
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Rat 9 (male) and Rat 10 (female). Rats 11 and 12. Males. 


0-96 days Diet 1. 0-34 days Diet 1. 
28-100 “ 1 ce. orange juice. 35-100 “ gee 

76-100 triple vitamine addition. 
9. 10. intake. 11. 12. intake. 

gm. gm. gm. gm. gm. gm. 

0 35.2 41.8 0 37.9 34.2 

4 42.8 47.3 9.5 4 46.2 41.8 7.6 
8 43.0 47.3 7.8 8 45.8 44.2 5.5 
12 44.6 49.3 7.0 12 42.8 45.3 7.6 
16 46.8 55.4 8.7 16 45.3 45.8 7.8 
20 46.2 56.6 7.8 20 46.9 45.7 7.7 
24 46.6 54.7 7.8 24 46.2 46.5 6.6 
28 46.5 52.8 5.5 28 44.3 | 45.0 5.4 
32 42.9 49.9 7.4 32 40.4 39.4 47 
36 37.8 41.6 7.8 36 39.8 ai.2 5.6 
40) 36.8 41.6 40) 50.5 48.2 
44 41.8 6.6 44 52.2 50.0 8.9 
48 43.9 5.3 48 54.8 57.0 8.0 
52 44.0 5.3 52 58.0 60.7 8.7 
56 43.8 3.8 56 63.5 67.3 11.0 
60 41.6 3.5 60 66.3 71.0 12.4 
64 44.6 3.5 64 66.1 70.3 8.8 
68 41.0 3.2 68 70.6 79.7 11.1 
72 43.5 3.5 72 75.0 82.6 9.9 
76 42.9 3.4 76 76.0 84.8 11.9 
80 45.0 3.0 80 77.6 91.1 11.1 
S4 42.2 3.1 84 75.0 85.2 9.6 
88 44.1 2.7 88 79.4 99.0 8.8 
92 43.0 3.2 92 78.5 90.9 4.4 
96 41.0 2.9 96 74.7 91.7 6.4 
100 100 70.0 76.3 6.4 


A second series of experiments was carried out on pressed yeast 
which had been heated with 10 per cent sulfuric acid at 90—-95° 
for 6 hours. The hydrolysate was filtered, diluted with an 
equal volume of water, and precipitated with phosphotungstic 
acid. After standing for 24 hours the precipitate was filtered 
at the pump and well washed with 5 per cent sulfuric acid. 

The precipitate was decomposed in the ordinary way with 
baryta. The final solution, slightly acid, was neutralized with 
sodium carbonate, carefully avoiding an excess, distilled in vacuo, 
standardized, and definite quantities were added to the diet. The 
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filtrate of the phosphotungstic acid precipitation was treated 
in a similar way. 

The diet containing the substances precipitated by phospho- 
tungstic acid was fed to four rats (Rats 80 to 83, Fig. 1) and 
enabled them to double their original weight after 32 to 36 days. 
This is about double the time required when yeast is the source 
of vitamines and the depreciation is due to the fractionation with 
the precipitating reagent. 

Two rats (84 and 85, Fig. 2 a) were fed the diet containing the 
residue from the phosphotungstic filtrate. After 28 days they 
had added only a third to their original weight and had all 
the external symptoms of an acute deficiency. Then the diet 
with the precipitate was substituted and in 11 days they rapidly 
doubled their original weight and presented a normal appearance. 


Diets (Gm.). 
l 2. 
Residue phosphotungstic acid precipitate 
equal to.......... 6 Dried 
Residue phosphotungstic acid filtrate yeast. 
Rats 80, 81, and 82. Males. 
Rat 83. Female. 
0-36 days Diet 1. 
Weight. Average Weight. | Average 
Days. daily food | daily food 
80. 81. intake. 89 83. | intake. 
gm. gm. calories gm. gm. | calorics 
0 24 25 20 
4 31 33 29.8 23.5 37 27.8 
8 36 40.5 33.5 28 43 32.8 
12 36 43 35.7 29 45 33.3 
16 38 44.5 40.5 29 48 40.5 
20 40 48 28.6 31 ol 38.3 
24 42 49 30.1 34 54 
28 44.5 52 27.8 38 57 39.0 
32 46 54 28.7 40 59 27.4 
36 49 56 25.0 42.5 61 298 
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i 


A 


Rat 84. Female. 
Rat 85. Male. 
0-28 days Diet 2. 

29-39 


Weight. 
Days. 


Ave daily food 


36 
39 


SUMMARY. 


The fractionation of yeast with phosphotungstic acid shows 
that the growth-promoting substance%s carried down with the 
precipitate and a large part of its activity is lost during the 
fractionation. The instability of this substance when fraction- 
bE ated with silver salts presents greater difficulty than that ex- 
ites perienced during the fractionation of the beri-beri vitamine. It 
4 seems possible that both these problems can only be solved 
when more adequate methods are available. 
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THE REACTION BETWEEN AMINO-ACIDS AND 
CARBOHYDRATES AS A PROBABLE CAUSE 
OF HUMIN FORMATION.* 


By M. L. ROXAS. 


(From the Laboratory of Agricultural Chemistry of the 
University of Wisconsin, Madison.) 


(Received for publication, July 31, 1916.) 


The study of the black substances obtained when proteins 
are hydrolyzed in strong acid solution is of great interest at the 
present time on account of their bearing on the natural melanins 
and on the quantitative determination of certain amino-acids 
in proteins. Grindley! and his coworkers state that humin 
nitrogen causes an error in the analysis for amino-acids of com- 
mon foodstuffs when the Van Slyke amino nitrogen determination 
is directly applied to them. This view on theoretical grounds 
was also expressed by Hart and Bentley.? It is therefore very 
important to know more about the structure and mode of forma- 
tion of these compounds. 


Mulder? was the first to show that albumins separate flocculi of a brown 
or black color on being boiled with concentrated hydrochloric or sulfurie 
acids. Hausmann‘ made similar observations with globin. Samuelly® 
pointed out that the formation of these “‘artificial melanins’’ or ‘‘melanoi- 
dins’’ might be a secondary reaction between amino-acids and carbohy- 
drates. Maillard® conducted experiments along this line and found a 


* The work described in this article forms part of a thesis submitted 
in partial fulfilment of the requirements for the degree of Doctor of Phil- 
osophy in the University of Wisconsin. 

' Grindley, H. S., and Slater, M. E., J. Am. Chem. Soc., 1915, xxxvii, 
2762. 

2 Hart, E. B., and Bentley, W. H., J. Biol. Chem., 1915, xxii, 477. 

3 Mulder, G. J., in Mann, G., Chemistry of the Proteids, London, 1996, 87. 

4 Hausmann, W., Z. physiol. Chem., 1900, xxix, 140.. | 

Samuelly, F., Beitr. chem. Phys. u. Path., 1902, ii, 355. 

6 Maillard, L. C., Compt. rend. Acad., 1912, cliv, 66. 
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number of them reacted with sugars. His experiments, however, were 
carried on in aqueous solutions at a very high concentration and tem- 
perature and it is doubtful whether under these conditions the reaction 
is similar to what takes place in the formation of either the ‘‘natural’’ 
or artificial melanins. It will be shown later in this paper that not all 
the amino-acids found reactive by Maillard reacted at all at low con- 
centration in water. .Gortner and Blish’? made the important discovery 
that when tryptophane is boiled with sugar in 22.9 per cent hydrochloric 
acid solution 86 per cent of its nitrogen is converted into humin nitrogen. 
They conclude from their experiments that tryptophane alone is responsi- 
ble for humin formation. Grindley and his coworkers! disagree with this 
conclusion since they found evidence that other amino-acids give the same 


reaction. 


In view of these conflicting statements and in the hope that the 
study of the reaction between amino-acids and carbohydrates 
would throw some light on the structure and mode of formation 
of the humin substances, it was thought worth while to determine: 
(1) Which amino-acids react with carbohydrates under a given 
set of conditions. (2) Whether different sugars behave alike 
toward the same reactive amino-acid. (3) What group of the 
reactive amino-acids takes part in the reaction. 


REVIEW OF THE LITERATURE. 


Udranszky* and Hoppe-Seyler® have shown that when sugar is boiled 
with acids humin substances are formed, and if boiled in the presence of 
a nitrogenous material, the humins may also contain nitrogen. Udrdns- 
zky found, for example, that glucose and urea boiled together in strong 
hydrochloric acid solution formed humins which contained about 6.73 
per cent nitrogen. 

Samuelly® was the first to study the behavior of humins, or ‘‘melanoi- 
dins,’”’ towards oxidizing and reducing agents. He prepared his ‘‘melanoi- 
dins’’ from commercial serum albumin according to Schmiedeberg’s!® 
method modified by himself. He subjected his product to the action of 


7Gortner, R. A., and Blish, M. J., J. Am. Chem. Soc., 1915, xxxvii, 1630. 
After this work was completed and sent for publication another article 
by Gortner on humin formation appeared (J. Biol. Chem., 1916, xxvi, 
177). In this article Gortner admits that amino-acids other than trypto- 
phane may be involved in humin formation, which is in harmony with 
the results reported here. 

8 Udranszky, L. v., Z. physiol. Chem., 1888, xii, 33. 

® Hoppe-Seyler, F., Z. physiol. Chem., 1889, xiii, 66. 

10 Schmiedeberg, O., Arch. exp. Path. u. Pharm., 1897, xxxix, 1. 
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HI and PI; in a closed tube kept for 8 hours at 200-210°C. Among other 
products he obtained pyrrol, as detected by the color reaction with pine 
shavings, and either pyridine or piperidine or some derivative of either 
one of these bases. Ammonia was also evolved in large amounts. None 
of the reduction products obtained as above gave indol or skatol on fusion 
with alkalies, while the humins before reduction gave on similar treatment 
an unmistakable odor of both. Samuelly also tried reduction with zine 
dust in a current of hydrogen. From this treatment he obtained pyridine, 
pyrrol-like substances, skatol, and small amounts of an aromatic com- 
pound of the benzaldehyde series. The same investigator prepared humin 
substances from some amino-acids and glucose. He" heated for 18 hours 
a mixture of 10 gm. of glucose, 50 cc. water, 15 cc. concentrated HCl (sp. 
gr. 1.19), and sufficient amount of the different amino-acids so as to have 
in the solution 0.7 gm. of nitrogen. He tried ammonium chloride, urea, 
acetamide, glycocoll, aspartic acid, cystine, and tyrosine. In each case 
he found nitrogen in the melanin. No attempt was made, however, to 
determine whether the humin nitrogen formation was due to adsorption 
or to a definite reaction. It is interesting to note that all of the humins 
so prepared gave off pyrrol on dry distillation with zine dust, no pyridine, 
and on fusion with alkalies only the humin prepared from tyrosine pro- 
duced an odor of indol. Nencki'? and Berdez' obtained similar results 
with the natural melanins. By alkali fusion these authors obtained from 
tumor melanin, indol, skatol, volatile fatty acids, hydrocyanic acid, suc- 
cinic acid, and other unidentified products. Pyrrol was obtained on dry 
distillation, and after heating the melanin to 300°C. for some time, upon 
addition of an alkali pyridine was detected. 

Gortner and Blish’ heated pure zein, plus tryptophane, plus carbohy- 
drate in 22.86 per cent HCl, and obtained 16.5 per cent of the total nitro- 
gen of the mixture in the humin form. When tryptophane alone was 
heated with sugar in acid solution 86.56 per cent of its nitrogen was found 
in the humins. On the other hand, when histidine plus zein was heated 
with acid only 0.51 per cent of the total nitrogen was found in the humins. 
This amount was almost the same as that obtained when zein alone was 
heated in acid. They did not try, however, heating zein, plus histidine, 
plus sugar, in acid. Among the conclusions these authors draw from their 
experiments are the following: (1) The humin nitrogen belongs to ‘‘no 
amino-acids other than tryptophane.”’ (2) “‘Thereactioninvolved . 
is probably the condensation of an aldehyde with the —NH group of the 
tryptophane nucleus.’’ (3) Histidine can be eliminated ‘‘as a factor in 
the formation of humin nitrogen.’’ 

Grindley and Slater! have tried to apply the Van Slyke amino nitrogen 
determination directly to the analysis of feedingstuffs. As isto be expected, 


1t Samuelly, Beitr. chem. Phys. u. Path., 1902, 11, 383. 
12 Nencki, M., and Sieber, N., Arch. exp. Path. u. Pharm., 1887, xxiv, 


17. 
13 Berdez, J., and Nencki, M., Arch. exp. Path. u. Pharm., 1886, xx, 346. 
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on account of the high carbohydrate content of these, the humin fraction 
in their nitrogen distribution is very high, varying from 3.85 per cent in 
blood meal to 15.79 per cent in alfalfa hay, expressed as per cent of the total 
nitrogen. In discussing the origin of these humin substances these investi- 
gators disagree with the conclusion arrived at by Gortner and Blish, that 
the humin nitrogen of protein hydrolysis has its origin exclusively in the 
tryptophane nucleus, since they have obtained ‘‘results that clearly indi- 
cate that in addition to tryptophane a number of other amino-acids when 
gently boiled with 20 per cent HCl for 24 to 30 hours in the presence of 
pure glucose give humin nitrogen. Preliminary experiments show that 
under the above treatment 4.7 to 6.3 per cent of the total nitrogen of lysine 
and cystine respectively is separated as humin nitrogen.’’ 

Since Bourquelot and Bertrand discovered tyrosinase, this enzyme has 
received much attention from a great number of investigators. Only 
that part of the work relating to the action of tyrosinase on the different 
amino-acids and related substances will be reviewed here." 

The effect of tyrosinase on tyrosime is described by Bertrand.’* A solu- 
tion of tyrosine to which an extract of tyrosinase is added first becomes 
red, then inky black, and finally deposits a black precipitate. He proved 
definitely that atmospheric oxygen is essential to the change by conduct- 
ing experiments in vacuoand in the air. Von Firth and Schneider’* used 
the blood (hemolymph) of the pup of a butterfly, Deiciphila elpenor. 
They separated the enzyme from the other substances in the blood by frac- 
tional precipitation with ammonium sulfate. It was found to give a yel- 
lowish red substance with pyrochatechol; with hydroquinone it gave a 
red solution, which then became turbid and finally deposited a consider- 
able brownish precipitate. It also acted on adrenalin, giving a dirty brown 
color. Oxyphenylethylamine became yellowish brown and finally gave 
an olive-colored precipitate. But tyrosinase has no action on casein 
itself. The same authors isolated the black substance produced from ty- 
rosine by the tyrosinase of Deiciphila pupx# and determined its elemen- 
tary composition. Below is given a comparison between the percentage 
composition of this black substance and of tyrosine respectively: 


Black substance (humin) 


from tyrosine. Tyrosine. 

« percent per cent 


‘¢ Bourquelot and Bertrand, G., Bull. Soc. Mycol., 1896, xii, 18. A com- 
plete list of references up to the time of its publication is found in Kastle’s 
Oxidases, Bull. Hyg. Lab., 59. | 

16 Bertrand, G., Compt. rend. Soc. biol., 1896, cxxii, 1215. 

16 Von Fiirth, O., and Schneider, H., Beitr. chem. Phys. u. Path., 1901, 
i, 229. 
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In the formation of this ‘‘artificial melanin’’ from tyrosine there is an 
increase in the nitrogen content from 7.74 to 13.74. Such an increase is 
only conceivable in one of two ways; either there is a breaking up of the 
tyrosine molecule, or some other nitrogenous substance besides tyrosine 
takes part in the formation of the melanin. The latter must be the case 
since tyrosinase, being but a weak oxidizing agent, would be unable to 
break down the benzene nucleus. The nitrogenous compound that took 
part in the reaction must evidently have come from the tyrosinase prepara- 
tion itself. This black product also yields a skatol-like odor on fusion 
with alkali. In connection with the wide distribution of tyrosinase in 
both the vegetable and animal kingdom the following is quoted from 
Kastle’s monograph: 

‘Von Fiirth and Schneider are therefore of the opinion that probably 
wherever melanotic pigments occur in the living tissues of the lower and 
higher animals they originate as the result of the action of appropriate 
enzymes on substances of aromatic nature. They point out in this con- 
nection that Salkowski and Jacoby have shown independently that ty- 
rosine results from the autolysis of various animal tissues. It would seem 
likely, therefore, that in the formation of melanotic pigments two ferments 
are jointly concerned: one, an autolytic ferment capable of splitting off 
tyrosine or a similar aromatic complex from the protein molecule, and the 
other tyrosinase, which transforms the tyrosine into melanin.”’ 

But one of the most interesting phases of the investigations on tyrosinase 
is that relating to its effect on the products of protein degradation and re- 
lated substances. Bertrand and Rosenblatt!’ have found that this enzyme 
acts equally well upon racemic and l-tyrosine. Chodat and Staub!® dis- 
covered that albumoses do not give a red color with tyrosinase but glycyl- 
tyrosine anhydride gives such a coloration. In a later article!” these 
authors observed that glycine, leucine, and alanine retard the action 
of tyrosinase; that dipeptides such as tyrosine anhydride, and glycyl- 
tyrosine anhydride produce yellow substances which do not become black 
as does tyrosine itself. When, however, glycine, leucine, or alanine is 
present, a red coloration similar to that resulting from tyrosine is ob- 
tained: glycyltyrosine anhydride with glycine gives a rose color changing 
to bluish green; with alanine the color is deeper red, with leucine deep 
brown. But their most striking discovery is that phenylalanine is not 
acted on by tyrosinase. This, however, acts readily on p-cresol, less 
readily on m-cresol, and gtill less readily on o-cresol. In fact these same 
authors observed that the enzyme acts most readily on the para-homo- 
logues of phenol. Amino-acids like glycine increase the rapidity of the 
action of tyrosinase on p-cresol, producing a violet color which ultimately 
becomes blue. Bertrand undertook to investigate the action of tyrosinase 


17 Bertrand, G., and Rosenblatt, M., Compt. rend. Soc. biol., 1908, cxlvi, 


304. 
18 Chodat, R., and Staub, Arch. Sc. Phys. Nat., 1907, xxiii, 265; xxiv, 


172. 
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from wheat bran on compounds analogous to tyrosine and to phenylalanine; 
that is, compounds with and without the phenolic hydroxyl group. Thus 
he found phenylalanine, phenylethylamine, phenylmethylamine, phenyl- 
aminoacetic acid, phenylpropionic acid, phenylacetic acid, alanine, and 
glycocoll produced no coloration at all. On the other hand the following 
compounds with phenolic hydroxyl groups produced coloration as follows: 


p-Hydroxyphenylethylamine........ Grenadine-red, olive-black. 

p-Hydroxyphenylmethylamine...... Orange-yellow, orange-red, clear ma- 
roon. 

p-Hydroxyphenylamine............. Orange, mahogany-red, brown. 

p-Hydroxyphenylpropionic acid ..... Orange-yellow, grenadine-red, brown. 

p-Hydroxybenzoic acid ............. Rose, orange, yellow. 


He concludes, therefore, that tyrosinase acts only on those compounds 
containing a phenolic group. 

Tn 1907 Abderhalden and Guggenheim! published an interesting arti- 
cle on the effect of tyrosinase from Russula delica on tyrosine, tyrosine- 
containing polypeptides and other related substances. They observed 
that glycocoll, d-alanine, d-valine, l-proline, d-serine, d-[-isoserine, and 
l-phenylalanine retard the action of tyrosinase on tyrosine only slightly un- 
less present in very large concentrations. The largest concentration used 
was molar; l-aspartic acid and d-glutamic acid, however, even when pres- 
ent at a concentration of 0.01 molar retard the action considerably. 
The same authors found that the enzyme has no effect on diiodotyrosine, 
l-phenylalanine, l-proline, or cystine. But l- and d-tyrosine, homogen- 
tisic acid, and tryptophane showed a color change. Particularly interest- 
ing was the case of d-tryptophane. The authors state that at first they 
thought that the coloration with tryptophane may be due to traces of 
tyrosine. They, however, used a very pure product. They repeated 
their experiment but always came to the same result. Furthermore, 
they tried the effect of tyrosinase on solutions of tryptophane-containing 
polypeptides and found development of color. They therefore conclude 
that this coloration must not be ascribed to the presence of traces of tyro- 
sine. Still more interesting 1s the fact that neither indol nor skatol were 
found to produce coloration. Abderhalden and Guggenheim in the same 
article describe the effect of tyrosinase on polypeptides containing tyro- 
sine. The color developed in these cases is modified to some extent by 
the nature of the amino-acid combined with the tyrosine in the polypeptide. 
Addition of some amino-acids were also found either to accelerate or to 
retard the action of tyrosinase on the polypeptide. Thus proline acceler- 


19 Abderhalden, E., and Guggenheim, M., Z. physiol. Chem., 1907-08, 
liv, 331. 
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ates considerably the action of the oxidase on glycyl-l-tyrosine anhydride, 
while aspartic acid and glutaminic acid retard the action. On the other 
hand halogen derivatives of the polypeptides were not acted upon by ty- 
rosinase. The same authors also found, as did Bertrand, that tyrosinase 
acts on phenol, giving a brown color, which was modified by amino-acids. 
Thus glycocoll plus phenol gave a cochineal color, while proline and phenol 
gave violet. The authors finally concluded that the amino-acids, when 
present, apparently take part in the production of the pigment. In a 
later article?° these same authors point out that tyrosinase acts on adrena- 
lin with the rapid production of a red color and ultimately dark red floc- 
culi. All three isomers of adrenalin are affected with equal rapidity. 

It is to be regretted that in none of the above cited contributions was 
either arginine, histidine, or lysine tried. It is hoped that this omission 
will be filled in the near future. 


EXPERIMENTAL. 


The fact that zein, when boiled with glucose in 22.68 per cent 
hydrochloric acid solution, increases its humin nitrogen from 
0.56 to 1.84 per cent indicates, as Grindley and his coworkers! 
suggested, that other amino-acids besides tryptophane take part 
in nitrogenous humin formation. Only a small per cent of some 
of these amino-acids may take part in this formation so that only 
by working with the individual amino-acids is it possible to de- 
termine whether the humin nitrogen was due to a definite reac- 
tion or to an adsorption. Again it is only by working under 
approximately the same set of conditions that it is possible to 
detect differences in behavior between the different amino- 
acids. The following procedure was, therefore, adhered to as 
consistently as practicable. 

The amino-acid, plus sugar, plus 50 cc. of water or hydrochloric 
acid solution of the specified strength was heated for 48 hours 
in a 300 cc. Kjeldahl flask on a sand bath. The flask was pro- 
vided with a reflux condenser made from a large test-tube fitted 
with cork and tubings for a current of cold water. After heat- 
ing, the digestion mixture was neutralized with the calculated 
amount of sodium hydroxide solution. The salt thus formed 
coagulated most of the precipitate that may have existed in a 
colloidal state in the solution. The mixture was then filtered into 
200 cc. graduated flasks and the humin was washed repeatedly 


20 Abderhalden and Guggenheim, Z. physiol. Chem., 1908, Ivii, 329. 
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with boiling water until the flask was filled to the mark. This 
amount of washing was found to be sufficient to remove almost 
all of the adsorbed amino-acid which could be removed by this 
treatment alone. The humin with the filter paper was then 
Kjeldahled. The filtrate was either Kjeldahled or Van-Slyked 
or used for both determinations. 25 cc. portions were taken for 
the Kjeldahl and 10 ce. portions for the Van Slyke determination. 

The nitrogen content of the amino-acids was determined either 
by Kjeldahl’s or by Van Slyke’s method or by both. The per 
cent of nitrogen was the only thing used to establish the identity 
and purity of the compounds. 

The following amino-acids were furnished by Professor Hart: 


Nitrogen. 
Amino-acid, Found. Theoretical. 
per cent per cent 

Lysine hydrobromide 

HBr. H2O)........ 14.72 14.32 


* The phenylalanine was kindly furnished by Dr. T. B. Osborne of 
New Haven. 


The following amino-acids were prepared: 


Nitrogen. 

Amino-acid. Found. Theoretical. 

per cent per cent 
Proline, from zein, also trom gelatin. . 12.20 12.17 

(No amino N) 

Glutaminic acid, from 7.17 7.64 
Arginine (free) from gelatin.. ‘wees 29.95 32.20 
Histidine dihydrochloride, from blood. . 17.25 18.42 


In the preparation of the above amino-acids the directions 
given in Abderhalden’s Arbeitsmethoden were followed. The 
per cents of nitrogen found for arginine and histidine respectively 
were not quite up to the theoretical, but since the amino nitrogen 
was almost one-fourth of the total in the arginine sample and one- 
third in the histidine, it was evident that the samples of both 
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these amino-acids were free from other amino-acids, their low 
total nitrogen content being due to moisture. The nitrogen 
determinations of these amino-acids were made on the same day 
that the experiments on humin formation were started. 

Due to the scarcity of material it was found impossible to 
recrystallize some of the amino-acids in order to obtain as pure 
a product as could be desired. 

The results are shown in the following table. All the experi- 
ments were in duplicate and average figures are given. 

The results show that neither alanine yor leucine give humin 
nitrogen. Glutaminic acid when boiled with sugar in 2 per cent 
acid solution yields some humin nitrogen, but none in 20 per 
cent acid. Attention is called to the fact that glutaminic acid 
on heating even at the concentration used seems to form pyrro- 
lidon carboxylic acid readily, as evidenced by the loss of activity 
of its amino nitrogen in Experiments 13, 14, and 16. Such a 
formation does not take place in strong acid. Phenylalanine 
ylelds about 1.65 per cent of its nitrogen in the humin in 20 per 
cent acid solution. Proline does not give humin nitrogen with 
glucose with 20 per cent acid, but seems to react to some extent 
with xylose and fructose in 4.15 per cent acid solution. Cystine 
with 20 per cent HCl yields about 3.1 per cent humin nitrogen 
and the noteworthy fact about this amino-acid is the deeply 
colored filtrate it produced. The same was observed with the 
filtrate from the tyrosine-sugar experiments. As much as 15 
per cent of tyrosine nitrogen may be converted into humin nitro- 
gen. 

The cases of the three hexone bases are particularly in- 
teresting. When boiled with sugars in 20 per cent HCl solution 
all three yield some of their nitrogen as humin nitrogen. Ar- 
ginine and lysine, with sugar, give more deeply colored filtrates 
than histidine. If the deep coloration of the filtrate indicates 
reaction, then it must be stated definitely that in the case of 
cystine, tyrosine, arginine, and lysine in 20 per cent HCl, the hu- 
min nitrogen is due to a reaction and not to an adsorption. An- 
other fact that supports the contention that a definite reaction 
is responsible for humin formation at least in the case of tyrosine 
is that phenylalanine gives but little humin nitrogen. If this were 
a case of adsorption, then there should ‘probably be no differ- 
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ence in behavior between tyrosine and phenylalanine. In aque- 
ous or very weak acid solution arginine, histidine, and lysine 
evidently react with sugar as indicated by the highly colored 
solutions produced and by the loss of activity of a large fraction 
of their amino nitrogen. Thus, when arginine plus glucose 
was boiled in water there was a very deep coloration of the solu- 
tion (Experiment 39), and at least 25 per cent of the amino nitro- 
gen became inactive towards nitrous acid. Lysine behaved 
similarly (Experiment 42), 17 per cent of the amino nitrogen 
becoming inactive towards nitrous acid. Histidine acted like- 
wise (Experiments 47 and 51), 16.2 per cent of its amino nitro- 
gen becoming inactive. These facts show that in the cases of 
histidine and arginine the a-amino nitrogen takes part in the 
reaction. In the case of lysine it is difficult to establish which 
amino group Is reactive, since at the time the amino nitrogen in 
the filtrate was determined the temperature in the laboratory 
was about 35°C. and at this temperature it was found that both 
the a- and the e«-amino group of lysine react with nitrous acid in 
5 minutes, as may be seen in the amino nitrogen determination 
of the filtrate (Experiments 40 to 42). It is to be noted that in 
these cases some loss of nitrogen also took place. It may be 
that during the reaction some ammonia was given off. 

The result with tryptophane is in agreement with the work of 
Gortner and Blish’ in that a greater portion of the tryptophane 
nitrogen is converted into humin. The strength of the acid used 
here and the different procedure followed may account for the 
difference in the per cent of tryptophane nitrogen found in the 
humin which according to the above named authors was 86 per 
cent while in these experiments only about 71 per cent was ob- 
tained. Due to a lack of material it was impossible to repeat the 
experiment with tryptophane. 

In order to determine which atomic groupings in tyrosine, 
cystine, and tryptophane were responsible for humin formation, 
the humin from each one of these amino-acids was dissolved 
in 0.1 N alkali and Van-Slyked. It was believed that if the amino 
groups in this humin remained intact they should still give the 
nitrous acid reaction. The results are as follows: 
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Humin nitrogen. Reactive with HNO:. 
mg. mg. 


From these results it must be concluded that in the case of 
tyrosine and cystine it was not the amino group that reacted 
with sugar to form humin but some other group, probably the 
(OH) in tyrosine and the (S-S) in the case of the cystine. If this 
were the case, then the cystine would presumably undergo re- 
duction before reacting with the sugar. 

In order to determine whether, as Gortner and Blish suggested, 
the furfurol obtained from sugar was responsible for the reaction, 
Experiments 54, 55, and 56 were performed as follows: 


Experiment Humin N. Per cent of 

No. mg. total N. 
54 =0.2 gm. cystine + 2 cc. furfurol + 20 

65 0.2 gm. tyrosine + 2 cc. furfurol + 20 ; 

56 0.2 gm. arginine + 2 cc. furfurol + 20 


These results tend to show that the furfurol formed from sugars 
under the influence of acids may to a great extent be responsible 
for humin formation. 

As to the effect of the different sugars on the reactive amino- 
acid, Experiments 20, 21, 22, 29, 38, and 46 show that xylose 
and fructose give higher results than glucose as a rule. This is 
to be expected, if it is admitted that furfurol or some other sim- 
ple aldehyde is the active substance in these reactions. 


DISCUSSION OF RESULTS. 


Some evidence is given which shows that the a-amino groups of 
arginine, histidine, and tryptophane take part in the reaction 
with sugars. On the other hand, the a-amino groups of alanine 
and leucine are unable to give the same reaction. Glutaminic 
acid and phenylalanine, although giving some humin nitrogen, 
likewise furnish no indication of reaction. At least for the pres- 
ent it may be admitted that the humin nitrogen in these cases— 
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glutaminic acid and phenylalanine—was due to adsorption and 
not to a reaction. It was alsoshown that in tyrosine the reactive 
group is presumably the (OH) and surely not the a-NH:. In 
cystine, as shown above, the a-amino group remained intact, 
so that presumably the reaction was with the mercaptan group. 
The question may then be asked: Why are the a-NHsz groups of 
arginine, histidine and tryptophane more reactive than those 
of the other amino-acids? An attempt to explain this difference 
in behavior of the amino-acids towards carbohydrates, based 
on the present work and on some of the contributions reviewed 
in the first part of this paper, is here offered. It is generally 
stated that the properties of a compound are functions of its 
structure. It is, therefore, to the structure of these amino-acids 
that we must look for an explanation of their different behavior 
towards carbohydrates. The structural formulas of histidine, 
tryptophane, and arginine are given below. 


CH NH; 
N N-—-H(b) NHC 
| H.N YO 
| | 
H—C = C—CH,-—CH 
(a) | CHe 
COOH 
Histidine. NH2e—CH—CH:2 
COOH 
Arginine. 
| | CH (e) we COOH 
(d) 
Tryptophane. 


Several investigators have advanced the idea that humin 
formation is dependent on the presence of labile hydrogen in 
the amino-acid molecule (Samuelly, Grindley and Slater, etc.). 
Evidently judging from the results of the present work the two 
hydrogens of the a-amino groups of alanine and leucine are not 
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labile enough to give condensation products with carbohydrates 
at least under the conditions of these experiments. 

In histidine, arginine, and tryptophane, however, there are 
other labile hydrogens (a, b, ec, d, e, f). The positions of these 
labile hydrogens with respect to the a-amino group are very favor- 
able for ring formation. The reaction with a carbohydrate 
or furfurol may very well be thought of as taking place as follows: 


Histidine. 


III IV 


Arginine. 
N— CHe CH ? 


‘ CH, 


CH, H 
it CH C-R or CH | | COOH 
N NHO HNH H)/NH 
| COOH R 
HC = 
CH, \H 
I {I 
| H” 
| | 
R 
| 
\OH/NH 
H—C COOH 
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The following facts tend to support the idea of ring formation: 

1. The intense color of the products. 

2. Miss Homer”! in her work on the condensation products 
of tryptophane with aldehydes, speaking of the action of glyoxal 
on this amino-acid, states: 


‘‘Taking into consideration the necessity of the presence of an oxidiz- 
ing agent and also the fact that the substance produced is intensely colored 
it is highly probable that in this reaction, besides the simple aldehyde 
condensation . . . . there has also been elimination of hydrogen 
accompanied by complex ring formation.’’ 


3. The fact that pyridine was obtained by Samuelly from his 
-‘*melanoidins,’’ was at one time used as an argument to indicate 
that a pyridine nucleus was found in proteins. This idea has 
been disposed of by Emil Fischer’s work on proteins, but the fact 
remains that pyridine is found in the humin formed from pro- 
teins. This occurrence may be explained by Reactions II andIV 
thus: 


CHi, CH’. 

CH ! --\cooH 
Nyy NH NH 

\ 
NH 


4. The action of tyrosinase on tyrosine tends to support the 
idea of ring formation. Tyrosinase produces coloration with 
tryptophane but not with indol, skatol, or glycocoll. There- 
fore, the formation of the highly colored product requires the 
peculiar structure of tryptophane. This formation may be con- 
sidered as taking place in the manner described above. 

The differences in behavior between histidine, arginine, and 
tryptophane may again be referred back to the differences in 
their structure. Tryptophane being already a complex com- 
pound with a benzene and a pyrrol ring may form an insoluble 
four-ringed compound with furfurol, which is extremely resist- 


*! Homer, A., Biochem. J., 1913, vii, 111. 
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ant to the action of acid. This will explain why tryptophane 
is converted into humin almost quantitatively. On the other 
hand furfurol may form with histidine and arginine products 
which are still more or less soluble and in the presence of strong 
acid may be hydrolyzed back to the free amino-acids. Thus 
as in the case of glutaminic acid, no formation of a ring com- 
pound takes place in strong hydrochloric acid solution. This 
view will explain why in weak acid or in aqueous solution both 
histidine and arginine react more readily to form colored products 
than in strong acid solution. 

It is not claimed that the reaction given above gives the actual 
structure of the melanin molecule, since no evidence is available 
to indicate what happens to the rest of the molecule of the amino- 
acids during the reaction with sugars. This theory on humin 
formation is given here in the hope that it may serve as a guide 
for future work on the structure of these compounds. 

No evidence was found in the present work to explain Samu- 
elly’s finding that when the humin obtained from sugar plus 
tyrosine was fused with alkalies, an odor of indol was obtained. 
It might have been possible that the tyrosine used contained 
traces of tryptophane which would explain the production of 
indol. Likewise the fact that pyrrol was obtained from his 
‘“‘melanoidins”’ can be traced back to the presence of the trypto- 
phane nucleus in them. : 

Almost all of the experiments recorded in this paper were done 
with single amino-acids. There was found evidence (Experiment 


31) to show that the reaction would be different, at least in the 


case of cystine and tyrosine, if other amino-acids were present 
in the reaction mixture with sugar. If cystine and proline were 
boiled together in the presence of glucose and 20 per cent HCl 
a larger amount of cystine nitrogen disappeared in humin forma- 
tion than when cystine was boiled alone. The same was true 
when tyrosine and proline were boiled together. It would, 
therefore, be interesting to study the behavior of mixtures of 
different amino-acids when boiled with sugars, both in acid 
and aqueous solutions. Abderhalden and Guggenheim’® work- 
ing with tyrosinase along this same line already concluded that 
other amino-acids, when present, apparently take part in the 
production of the pigment. 
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CONCLUSIONS. 


1. Alanine, leucine, phenylalanine, and glutaminic acid may be 
eliminated as important factors in humin formation, when sub- 
jected to the treatment used in these experiments. Proline, 
however, under certain conditions may be involved in humin 
formation. 

2. The following amino-acids were responsible for humin 
formation, and in digestions, with 20 per cent HCl plus sugar, 
the proportion of their nitrogen disappearing was: Tyrosine, 15.0; 
cystine, 3.1; arginine, 2.33; lysine, 2.62; histidine, 1.84; trypto- 
phane, 71.0 per cent. 

3. Xylose and fructose were as a rule more reactive than 
glucose. 

4. Arginine, histidine, and lysine reacted with sugars more 
readily in weak acid or aqueous, than in strong acid solutions. 

5. Arginine, histidine, and tryptophane reacted with loss in 
reactivity of their amino nitrogen towards nitrous acid, but 
tvrosine and cystine reacted without any such loss. 

6. A possible mode of reaction is suggested. 


It is with pleasure that the writer acknowledges his obligation 
to Professor E. B. Hart, Chief of this Department, for giving 
him this problem, and for his many valuable suggestions during 
its execution. 


i 
4 
£2 
ay 
aa 
2 
BS 
ie at 
3 4 
3 
>. ; ; 
: 
at 
i 
% > 
2 
> 
i 
4 
mee 
2: 
> 
Re 
. 
BATS 
£ 
q 
| 
i 
; 
4% 
t 
we 
‘ 
At 
: 
z 


THE DIRECT DETERMINATION OF UREA AND AMMONIA 
IN MUSCLE. 


By JAMES B. SUMNER. 


(From the Department of Physiology and Biochemistry, Medical College, 
Cornell University, Ithaca.) 


(Received for publication, August 16, 1916.) 


The determination of urea in blood and urine has been made 
both simple and accurate by the urease method of Marshall! 
as developed by Van Slyke and Cullen.2. For some time the 
writer has had need of a suitable modification of this method in 
order to determine urea and ammonia in muscle and other tissue. 
Marshall! has successfully applied his urease method to the analy- 
sis of tissue, extracting with several portions of alcohol. The 
writer in collaboration with Fiske,*? has used a similar method of 
extraction with alcohol, applying the method of Folin and Denis.‘ 
This procedure is apparently accurate but is tedious. 

On account of the ease with which urea is capable of diffusing 
through cell membranes,® it appeared that the urease solution 
might be allowed to act directly upon the tissues containing urea, 
provided these tissues were ground finely, and enough time were 
allowed for the process of diffusion. At first the author tried 
grinding muscle with sand in a glass mortar, but gave up this 
procedure as unnecessary when it was found,a little later, that even 
coarsely chopped muscle tissue gave as high values for urea as sam- 
ples that had been ground with sand toa very fine powder. That 
the urea quickly diffuses out of even rather coarsely chopped 


' Marshall, E. K., Jr., J. Biol. Chem., 1913, xv, 493. Marshall, E. K., 
Jr., and Davis, D. M., zbid., 1914, xviu, 53. 

? Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914, xix, 211; 
1916, xxiv, 117. 

3 Fiske, C. H., and Sumner, J. B., J. Biol. Chem., 1914, xviii, 288. 

‘ Folin, O., J, Biol. Chem., 1912, xi, 507. 

*Gryns, G., Arch. ges. Physiol., 1896, lxili, 86, and others. 
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muscle was shown by the fact that samples allowed to stand in 
urease solutions for 3 hour gave, upon aeration, no lower figures 
for urea than did samples that had been allowed to stand with 
urease for 1 and 2 hour intervals. This fact makes it possible to 
determine urea in muscle directly, and the writer sees no reason 
why it may not be determined in the same manner in any other 
tissue. 

Van Slyke and Cullen have stated that the accuracy of the 
urease method is limited only by the error involved in titration, 
but I have found the greatest error to be in the process of aera- 
tion. The use of methyl red as indicator, of Jena glass, of suf- 
ficiently dilute acid and alkali solutions, of calibrated burettes, 
of a vertical plate glass mirror 2 feet back of the burettes as a 
means of avoiding parallax, and the precaution—as Van Slyke 
and Cullen advise—of keeping rubber stoppers and tubing from 
contact with strong alkalis and acids, make the process of titra- 
tion an exceedingly accurate one. 


EXPERIMENTAL PART. 


Fresh muscle was obtained from cats and guinea pigs. They 
were etherized, killed by bleeding, and skinned; and the more 
accessible muscles removed with as little fat and fascia as pos- 
sible. This muscle was minced in a ‘Universal’? meat chopper. 
In order to obtain the tissue as homogeneous as possible, it was 
usually put through the meat chopper four or five times. The 
ground muscle was then transferred to a rubber-stoppered weigh- 
ing bottle. A long glass spatula was found most useful in trans- 
ferring samples of material to the bottoms of the large test-tubes 
(23 x 200 mm.) 9 ce. of water in portions were used to wash this 
spatula and to rinse down any bits of muscle that had stuck to 
the sides of the test-tubes. The most convenient weight of 
muscle to take as a sample was found to be from 2 to 3 gm. If 
larger amounts of muscle are used more water should be added 
to prevent the mass from becoming pasty. 1 cc. of a 5 per cent 
urease solution accurately made up was then added, the mixture 
well stirred with the end of the glass aeration tube, and after 
standing for 3 hour or longer the process of aeration was carried 
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out. For the determination of ammonia .n muscle the mixture 
was stirred and aerated at once. 


As the ground muscle was always found to be acid, no acid phosphate 
was added to it; and there was no danger from loss of ammonia. 

The urease used was made by the method of Van Slvke and Cullen,? 
with the modification that less water was employed in the extraction of 
the urease, and a larger volume of acetone was used to precipitate it. 
The ammonia content of this dry preparation was carefully determined. 
New urease solutions were made up each day, and kept on ice. The au- 
thor found it convenient to weigh out the urease into a large glass mor-. 
tar and add the desired amount of water from a pipette, grind, and then 
transfer to a flask. 

With the exception of the urease, all the reagents used were purified until 
almost absolutely free from ammonia. The potassium carbonate was 
made ammonia-free by boiling its solution to dryness, and heating until 
anhydrous. 


For the liberation of ammonia, 5 gm. of anhydrous potassium 
carbonate were added to the solution, in which there were always 
present 10 cc. of water. The acid used for absorbing the am- 
monia set free was 0.01 nN, and the alkali used in running back, 
0.0088 n. In order to increase the height of the absorbing 
column of acid, 10 cc. of water were always added; this made a 
height in the test-tube of 6 to 7 em., and under the conditions of 
the experiments allowed no measurable amount of ammonia to 
escape. With alkali even as dilute as 0.0088 N it was found that 
by using methyl red as indicator, and a standard end-point of 
sodium acetate and acetic acid, titrations could be run to within 
a very small fraction of a drop of alkali. The acid and alkali 
solutions were never allowed to come into contact with any but 
Jena or “nonsol”’ glass, with exception of the burettes which were 
well seasoned; Jena glass absorption tubes were used. Both aera- 
tion and absorption tubes were provided with eight small holes, 
as Van Slyke and Cullen advise. One drop of caprylic alcohol 
was added to the test-tube containing the acid and fifteen drops 
to the aerated mixture. The time of aeration was usually 40 min- 
utes with an air current of 2 to 3 liters per minute, always run 
slowly for the first 3 minutes. | 3 


It was found that when the speed of aeration was 5 liters per minute, 
as advised by Van Slyke and Cullen, it was necessary to keep the test- 
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tubes containing the acid stoppered and to fit them with wide (8° mm.) 
bent tubes as traps to prevent loss of acid by spattering. Much more 
serious was the spattering of alkali from the test-tubes containing the 
aerated mixture. I found that no amount of caprylic alcohol would pre- 
vent the passing over into the acid of very slight amounts of fine spray. 
Although the alkali blown over with an air current of 5 liters per minute 
is very small in amount (usually 0.1 cc. of 0.01 N alkali with 20 minutes’ 
aeration), this is not a negligible factor when 0.5 mg. or less of nitrogen 
is being dealt with. When the aeration is at a rate of not more than 3 
liters per minute, this source of error is much lessened. The rate of aera- 
tion was measured by means of a Junkers gas meter and also by the method 
devised by Kober and Graves.® 


Below are some results obtained by this method. 


TABLE I. 
Cat Muscle. 
Mg. per 100 gm. moist muscle. 
Weight. Urease acted. 
Urea and NH3 N. NHs N. 
gm. hrs. 

1.757 28 .0* 

2.183 3 27 .4* 

2.095 2 28.4 

1.811 2 28.6 

1.880 2 28.7 

1.177 10.4 
1.486 10.0 

* Once through chopper. 
TABLE II. 
Guinea Pig Muscle. 

2.422 1 21.0 

2.476 1 20.6 

x 1 21.0 

2.760 14.6 
3.165 14.1 
2.521 15.3 


§ Kober, P. A., and Graves, 8. 8., J. Am. Chem. Soc., 1913, xxxv, 1594. 
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TABLE III. 


Guinea Pig Muscle. 
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3.190 
3.063 
2.587 
2.524 
3.246 
2.591 


1 


1 
1 
] 


26.8 
26.4 
26.1 
26.3 


4 hrs. later. 


1.887 
2.727 
2.129 
2.223 


30.2 
30.1 


16.4 
16.1 


TABLE IV. 
Cat Muscle. 


Urease acted. 


Mg. per 100 gm. moist muscle. 


Urea and NH; N. 


NH; N. 


Ars. 


13.0 


4 hrs. later. 


24.6 
24.0 
0 


spats 


| 
| 13.0 
| 13.9 : 
Weight. 
2.515 24.9 
2.166 25.7 | 
2.560 24.8 | 
3.193 25.3 | 
2.632 | 24.7 | i 
2.001 | | 
2.990 | | 
| 1.973 | | 
2.154 
2.000 | 15.0 
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TABLE V. 
Guinea Pig Muscle. 


2.453 | 26.5 


2.695 27.0 
2.717 | 26.5 

2.590 | | 12.8 
2.259 | . | 13.0 


i 


4 hrs. later. 


| 


2.2461 


2 
2.176 


oom 


2.316 ! 13.8 
2.310 | 13.8 


TABLE VI. 
Cat Muscle. 


w 
bo 
~] 


12.6 
| 12.1 


to 
to 
~] 


tom 


4 hrs. later. 


m ho bo 


419 | 13.0 
625 | 14.5 


CONCLUSION. 


It is noteworthy that the ammonia content of muscle should 
be so much higher than that of blood, the ammonia content of 
cat’s blood being usually less than 1 mg. per 100 cc. Marshall 
and Davis’ give figures for urea in the various tissues of dogs 
but make no mention of having made analyses for ammonia, or 
of having taken this into account. 


7 Marshall and Davis. J. Biol. Chem., 1914, xvin, 53. 
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To avoid changes that might take place in chopped muscle, 
analyses were always started as quickly as possible, the urease 
being added usually within 40 minutes after the death of the ani- 
mal. In order to observe whether any changes which would 
affect the figures for urea and ammonia did take place within the 
first few hours, I have, in a number of experiments, allowed the 
muscle to stand for a period of about 4 hours at room tempera- 
ture (24-30°C.) and then carried out other analyses. The re- 
sults show that there always occurs a slight increase in am- 
monia but do not allow any conclusion to be drawn with respect 
to the urea content except that its changes are inconsiderable. 

The results published in this paper are believed to show that the 
determination of urea and ammonia in small samples of muscle can 
be carried out quickly and accurately by the method described. 
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THE CHYMASE OF SOLANUM ELAEAGNIFOLIUM. 


A PRELIMINARY NOTE. 


By A. BODANSKY. 


(From the Department of Physiology and Biochemistry, Medical College, 
Cornell University, Ithaca.) 


(Received for publication, July 27, 1916.) 


In the fall of 1915 the writer’s attention was called to the use 
by the Mexicans of New Mexico and Arizona of the berry of 
a certain weed as a substitute for rennet in the coagulation of 
milk. The plant was identified by Professor K. M. Wiegand, 
of the Department of Botany of the New York State College of 
Agriculture, as Solanum elaeagnifolium Cav.' The widespread 
occurrence of vegetable chymases? suggested the presence of a 
chymase in the berry of this plant, and the writer undertook to 
test the supposition.* 

The entire berry of Solanum elaeagnifolium was used. It 
was collected in the late fall and was air-dry when received at 
the laboratory. After a few preliminary tests of the powdered 
berry and of its aqueous extract, which gave positive results, 
a more stable solid preparation was made as follows. 

The berries were ground and the coarse powder obtained was 
extracted by percolation with a 5 per cent sodium chloride solu- 
tion, containing a few drops of the essential oil of mustard, at a 
temperature of 5—10°C., after preliminary maceration for 24 


1 Wooton, E. O., and Standley, F. C., Contrib. U. S. Nat. Herbarium, 
1915, xix, 573. 

2 Gerber, C., Compt. rend. Acad., 1907-1913, and Compt. rend. Soc. biol., 
1907-1913; a summary of the investigations of vegetable chymases is con- 
tained in J. Effront’s Les Catalyseurs biochimiques dans la vie et dans 
lindustrie, Paris, 1914, pp. 89 ff. 

3 The writer is indebted to Mr. L. E. Freudenthal, of Solomonville, Ariz., 
for the information which suggested the present work. The supply of the 
plant used in the preliminary experiments was obtained through the cour- 
tesy of Mr. Ph. Freudenthal. 
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hours at the same temperature. The liquid extract was clear, 
the first portions being brownish green in color, and the subse- 
quent portions yellow. This extract was poured into thirty 
volumes of acetone, with constant shaking. The precipitate 
settled rapidly, leaving a clear supernatant liquid. The pre- 
cipitate was transferred to a Buchner filter, sucked dry, then 
dried 7m vacuo over sulfuric acid. The powder obtained went 
easily into solution in water. 

In order to obtain comparable results in tests of the enzyme 
preparation, a milk of uniform composition was required. An 
artificial milk, similar to the one used by Blum and Fuld for 
testing gastric Juice,> was prepared by mixing one part of powdered 
skimmed milk (Merrell-Soule) with nine parts of water, filter, 
ing the mixture through a thin layer of cotton, heating it to 80°C.- 
cooling in running water, and adding calcium chloride. In the 
earlier tests 0.5 ce. of a 20 per cent solution of calcium chloride 
was added to 100 cc. of artificial milk. The milk so prepared 
coagulated after a few minutes’ boiling without the addition of 
enzyme, and was unsatisfactory for tests above 55°C. Satis- 
factory results were obtained by the use of 0.2 cc. of the 20 per 
cent calcium chloride solution in 100 ce. of artificial milk.*® 

- The properties of the chymase of Solanum elaeagnifolium 
agreed, in general, with the properties of vegetable chymases 
described by Gerber. It coagulated boiled natural milk with- 
out addition of calcium chloride. It proved more resistant to 
heat than animal rennin and obeyed the law of Segelcke-Storch 
within the lower range of temperature (up to about 55°C.). 


‘The method of extraction was essentially the same as that employed 
by Gerber (Compt. rend. Soc. biol., 1909, Ixvi, 890). The use of acetone 
to precipitate the mixture containing the enzyme is an adaptation of the 
method of D. D. Van Slyke and G. E. Cullen (J. Biol. Chem., 1914, xix, 
211) for the preparation of urease. | 

> Blum, L., and Fuld, E., Berl. klin. Woch., 1905, xliv, 105, quoted by 
J. Effront (the original publication was not available). 

6 Blum and Fuld recommended the addition of 2 ec. of 20 per cent cal- 
cium chloride solution to 98 ec. of artificial milk. J. Wohlgemuth (Grund- 
riss der Fermentmethoden, Berlin, 1913, p. 164), recommends the addi- 
tion of 0.5 cc. of 20 per cent calcium chloride solution to 100 cc. of arti- 
ficial milk. Gerber (Compt. rend. Soc. biol., 1909, Ixvi, 891) used boiled 
natural milk sensitized by the addition of 10 mg. molecules (1.11 gm.) 
of calcium chloride to the liter, performing his tests at 55°C. 
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In tests conducted between 37 and 55°C. the time of coagulation 
was inversely proportional to the quantity of the enzyme, other 
conditions being constant. Increase of temperature had the 
effect of increasing the rapidity of coagulation, but it also inac- 
tivated the enzyme. The optimum temperature was about 
84°C., in a dilution of one part of the solid enzyme preparation 
to 20,000 parts of milk, coagulation taking place in about 1 
minute. In a dilution of 1: 100,000 coagulation occurred in 
10 minutes, the enzyme being obviously inactivated in the higher 
dilution by the longer exposure to heat. 

Preliminary tests failed to discover any pronounced peptic 
or tryptic action of the extract. However, further tests will be 
necessary to justify a definite conclusion. 

Work is in progress to determine the presence in Solanum 
elaeagnifolium of other enzymes than chymase, the distribution 
of the enzymes in the plant, the relative abundance and activity 
of the enzymes at various stages of growth, and the influence 
of various factors upon their action. The use of the berry by 
the Mexicans and the reported local use of Galzum verum by cheese- 
makers of the West of England and of Pinguicula vulgaris by 
those of the Italian Alps’ suggest the possibility of adapting 
the enzyme preparation of Solanum elaeagnifolium to the use 
by cheesemakers as a substitute for rennet extract. To investi- 
gate this possibility is one of the objects of the work outlined 


above. 

The writer wishes to express his obligation to Professor J. B. 4 
Sumner, in whose laboratory this work was carried out, for his 
helpful suggestions and advice. 4 


7 Green, J. R., Ann. Bot., 1893, vii, 112. 
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THE SEPARATE DETERMINATION OF CHOLESTEROL 
AND CHOLESTEROL ESTERS IN SMALL 
AMOUNTS OF BLOOD. 


By W. R. BLOOR ann ARTHUR KNUDSON. 


(From the Laboratories of Biological Chemistry of the Harvard Medical 
School, Boston.) . 


(Received for publication, August 9, 1916.) 


In the course of a study of the lipoids of human blood in nor- 
mal and pathological conditions! it was found in almost all cases 
that cholesterol maintains a strikingly constant relation to the 
total fatty acids and to lecithin. Even in severe diabetic lipemia? 
where the amount of lipoids was many times the normal the re- 
lationship between cholesterol and the total fatty acids remained 
constant. The inference seemed justified that cholesterol takes 
an important part in fat metabolism. The most obvious way 
in which it would participate in fat metabolism is by its fatty 
acid esters which are always present in the blood and in most 
tissues, so that a knowledge of the balance between cholesterol 
and its esters in blood would be of great value in the study of 
this function. Such knowledge would also be of value in the 
study of other functions of cholesterol as, for example, the part 
which it plays as an antihemolytic* where the protective power 
depends on the amount of free cholesterol present. A method 
was sought which would permit the separate determination of 
cholesterol and its esters in small amounts of blood. The only 
successful means at present known for the separation of cholesterol 
from its esters is the precipitation of the cholesterol by digitonin 
as worked out by Windaus‘ and the following method is an adap- 
tation of the digitonin precipitation to small amounts of material. 
It consists in (a) the determination of total cholesterol in an ali- 
quot portion of an alcohol-ether extract of blood and (6b) the 


' Bloor, W. R., J. Biol. Chem., 1916, xxv, 577. 

2 Bloor, J. Biol. Chem., 1916, xxvi, 417. 

3 Ransom, F., Deutsch. med. Woch., 1901, xxvii, 194. 
* Windaus, A., Z. physiol. Chem., 1910, Ixv, 110. 
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determination of cholesterol esters in another aliquot after pre- 
cipitation of the free cholesterol by digitonin. The difference 
between the two values represents free cholesterol. 

The procedure is as follows: 

1. Preparation of the Sample.—An alcohol-ether extract of 3 
ec. of whole blood, plasma, or serum is made as described in 
the method for cholesterol already reported.® ° 

2. Determination of Total Cholesterol.—This is made with an 
aliquot portion (generally 10 cc.) of the alcohol-ether extract 
according to the above method.*® 

3. Precipitation of Free Cholesterol and Determination of the 
Cholesterol Esters.—20 cc. of the alcohol-ether extract (or suffi- 
cient to contain about 0.5 mg. of combined cholesterol) are meas- 
ured into a small flat-bottomed Erlenmeyer flask (50 cc.) and 
1 cc. of 1 per cent alcoholic solution of digitonin is added. The 
whole solution is then evaporated just to dryness on the water 
bath or electric stove. The digitonin combines with the free 
cholesterol forming digitqnin cholesteride while the cholesterol 
present as ester is not affected. The dried residue in the flask 
is then extracted by boiling out with successive small amounts of 
petroleum ether (boiling below 60°C.), filtering the extract 
through a plug of fat-free cotton in the stem of a small funnel. 

In order to get a complete extraction with a small amount of 
solvent 15 cc. of the petroleum ether are first added, the flask 
is covered with a small watch glass (to prevent too rapid evapora- 
tion), and the whole boiled gently until about half the liquid is 
gone. The succeeding extractions are made in a similar manner 
with 7 to 8 cc. of petroleum ether. The petroleum ether dissolves 
the cholesterol esters but does not dissolve the digitonin precipi- 
tate. The combined extracts containing the cholesterol esters 
are then evaporated just to dryness, and the esters taken up with 
chloroform as in the method for total cholesterol. The chloro- 
form extracts, together slightly less than 5 cc., are collected in a 
10 ec. glass-stoppered cylinder (previously calibrated), cooled, 
and made up to 5 cc. 5 cc. of a standard cholesterol solution 
in chloroform (containing 0.5 mg.) are measured into a similar 
10 ce. cylinder. To each solution are added 2 cc. of acetic an- 
hydride and 0.1 cc. of concentrated sulfuric acid, the cylinders 


> Bloor, J. Biol. Chem., 1916, xxiv, 227. 
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stoppered, and the solutions mixed by inverting several times. 
They are then set away in the dark for 15 minutes after which 
they are transferred to the cups of the colorimeter and the read- 
ings made as usual, setting the standard at 15 mm. Artificial 
light (a 100 watt nitrogen-filled Tungsten light and ‘‘daylight’”’ 
glass) was used throughout these determinations. 


DISCUSSION AND RESULTS. 


In working out the method for use the following points re- 
quired to be determined. 

a. Whether digitonin as used in the method gives a sufficiently 
complete precipitation of the cholesterol so that it could be used 
for the separation of the minute quantities of cholesterol involved 
in the determination. 

b. Whether the solvent used dissolved the cholesterol esters 
without dissolving any measurable quantity of the precipitated 
digitonin cholesteride, or dissolving any other substance which 
would interfere with the determination. 

c. Whether cholesterol esters give quantitative values for the 
cholesterol which they contain. Although it has been claimed‘ 
that such was the case it seemed desirable to test the point 
further. 

Tests were made as follows: 


(1) Portions of 0.5 to 1.5 mg. of cholesterol in alcohol ether were treated 
with digitonin according to the directions, the residue extracted, and ex- 
amined for cholesterol by the colorimetric procedure. No color was found 
in any case so that the treatment was adequate for the complete isolation 
of free cholesterol. 


The digitonin cholesteride, while insoluble in petroleum ether, 
was found to be measurably soluble in ether and still more in 
chloroform. 


(2) 5 ee. portions of a solution of cholesterol palmitate containing 1.06 
mg. of the ester, equivalent to 0.66 mg. of cholesterol, gave (a) by the 
method for determination of total cholesterol 0.681 and 0.687 mg., (b) by 
the method for determination of cholesterol esters 0.675, 0.681, and 0.681 mg. 

(3) 5 ce. of the cholesterol palmitate solution to which was added 0.5 
mg. of cholesterol gave by the ester method 0.680 and 0.680 mg. cholesterol. 


* Autenrieth, W., and Funk, A., Minch. med. Woch., 1913, 1x, 1243. 
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(4) To 3 ce. of extract of blood plasma, found by the ester method to 
contain 0.441 mg. of cholesterol as ester, were added 3 cc. of the cholesterol 
palmitate solution containing 0.396 mg. of combined cholesterol. The 
whole sample then contained theoretically 0.837 mg. of combined choles- 
terol. Found: 0.815 mg. 3 

(5) To three 5 cc. samples of plasma extract each containing 0.748 mg. 
of cholesterol as ester were added respectively 0.5, 1.0, and 1.5 mg. of 
cholesterol, and the esters then determined as usual. The results obtained 
were 0.742, 0.754, and 0.742 mg., respectively. 


The following separations made on human plasma will show 
the possibilities of the method. 
TABLE L. 


Cholesterol and Cholesterol Esters in Blood Plasma (Mg. of Cholesterol 
per 100 Cc. of Plasma).. 


Free. 
Total 

Sample. As ester. betel 
538 
108 204 65.4 
\ 111 201 64.4 
215 293 57.7 
) 218 290 57.1 
102 148 59.2 
: { 358 198 35.6 
\ 362 194 34.9 
166 102 38.1 
168 100 37.3 
{116 66 36.3 
Normal...... 180 117 63 35.0 
wiser 291 164 127 43.6 
" 196 117 79 40.3 
203 123 80 39.3 
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In a well planned investigation recently published’ Mueller 
has questioned the correctness of the values for cholesterol 
obtained by colorimetric methods. He finds that while both 
colorimetric and gravimetric (precipitation with digitonin) 
methods give the same results with ordinary cholesterol the 
colorimetric methods give higher results with blood. He comes 
to the conclusion that there are other substances, probably 
however, closely related to cholesterol, present in blood which 
give the color reaction but which do not precipitate with digitonin 
and that therefore the gravimetric method gives more accurate 
results. He admits, however, that digitonin may precipitate 
part of these substances from blood and that the digitonin pre- 
cipitate so obtained is somewhat soluble in the ether used for 
washing it (as has been found in the work above). Other points 
brought out in his investigation are a corroboration of the findings® 
that the alcohol-ether treatment as above performed gives a 
complete extraction of blood and that the results for cholesterol 
from this extract are higher than those obtained by other colori- 
metric methods. 

The possibility that substances different from ordinary cho- 
lesterol but closely related to it may be present in blood has of 
course been realized, but in view of the lack of definite knowledge 
regarding their chemical nature, their behavior with digitonin 
and the Liebermann-Burchard reagent, or even of their presence, 
an extended discussion of their influence on the cholesterol 
determination does not seem advisable. 

If, as Mueller claims, these substances give the color reaction 
but do not precipitate with digitonin (or to an insignificant 
extent) the values for cholesterol esters obtained by the procedure 
described above would be relatively higher, and those for free 
cholesterol relatively lower, since the error produced by these 
substances would fall on the esters with which they would be 
included if they were not precipitated by the digitonin. As a 
matter of fact the opposite appears to be the case, since, as may 
be seen by the values for normal plasma given in the table, and 
as will be shown more fully in a later publication, the values for 
free cholesterol are both relatively and absolutely higher than 


’ Mueller, J. H., J. Biol. Chem., 1916, xxv, 549. 
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those reported in the literature. Either there are no ‘‘other 
substances” in blood plasma or they behave, when treated with 
digitonin, in the same way as ordinary cholesterol. 

The colorimetric methods are the only ones which can be used 
with small amounts of blood and which are therefore suitable 
for use in the extended study of conditions in living animals, 
including human beings. The procedure in these methods js 
relatively simple, the time required short, and the color a satis- 
factory one to measure. They give, moreover, higher values 
than the gravimetric method. Until the presence of these 
“other substances” is definitely shown and their chemical nature 
determined, the use of the colorimetric methods for the determina- 
tion of cholesterol and its esters in blood seems fully justified. 


® Mueller, J. Biol. Chem., 1916, xxv, 561. 
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THE ISOLATION OF A GROWTH-PRODUCING SUB- 
STANCE FROM SHEEP PANCREAS. 


By WALTER H. EDDY. 
(From the Chemical Laboratory of the New York Hospital.) 


(Received for publication, July 21, 1916.) 


The following account covers the preliminary work done to 
establish the presence of a vitamine in the water-soluble portion 
of the alcohol extract of sheep pancreas. Experiments are now 
in progress to establish more fully its nature and properties. 

The first attempt to demonstrate the growth-producing sub- 
stance failed. The method followed was that recommended 
by Funk, as follows: 


1,500 gm. of sheep pancreas were obtained from freshly killed sheep, 
minced with a meat chopper. and extracted with 4 liters of 95 per cent 
alcohol (to which was added enough hydrochloric acid to make the alco- 
hol about 4 per cent HCl). The acid alcohol and pancreas were distributed 
in mason jars and shaken for 3 hours in the shaking machine. At the 
end of this period the alcohol extract was filtered off and evaporated nearly 
to dryness in vacuo at a temperature of 38°C. The final syrup was then 
evaporated to dryness before an electric fan at room temperature. (In 
all succeeding evaporations the fan method was used, the liquid being 
placed in shallow dishes and fanned with a continuous stream of air at 
room temperature.) The residue was then melted at 50°C. on a water 
bath and taken up with a liter of distilled water. This mixture was fil- 
tered first on a hot funnel maintained at 38-40°C. The filtered extract 
was again evaporated to dryness before the fan and the residue again ta- 
ken up with cold distilled water, and filtered at room temperature. This 
final water solution was next made up to 5 per cent sulfuric acid strength 
and precipitated with a 50 per cent solution of phosphotungstic acid in 
5 per cent sulfuric. In making this precipitate care was taken to avoid 
excess of phosphotungstic acid. The precipitate was then filtered off and 
washed thoroughly with 5 per cent sulfuric acid. After washing, it was 
mixed in a mortar with solid barium hydrate. After thorough mixing 
water was added and the entire mixture placed in a mason jar and shaken 
for 3 hours. At the end of this time the mixture was filtered and the fil- 
trate carefully neutralized with sulfuric acid to remove the excess of 
baryta. After again filtering to remove the barium sulfate the liquid 
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was evaporated before the fan and the residue taken up in absolute alco- 
hol to free it of inorganic salts. The alcohol solution was then precipi- 
tated by means of a saturated alcoholic solution of mercuric chloride. 
This precipitate was filtered off, suspended in water, and subjected to a 
stream of HS until all the mercury was converted into the sulfide. The 
latter was then removed and the mercury-free liquid treated with silver 
nitrate to precipitate the purines. These purines were then filtered off 
in turn and the filtrate which contained an excess of silver nitrate was 
precipitated with silver-baryta. This last was accomplished by first 
determining the presence of enough silver nitrate to yield a brown precipi- 
tate on the addition of a saturated solution of barium hydrate. This 
silver baryta precipitate was washed thoroughly to free it of NO; ions and 
then suspended in water and the silver converted into the sulfide with H.S 
and filtered off. There remained a solution which was supposed to con- 
tain the vitamine more or less contaminated by the presence of Ba, SO,, 
and Cl ions. These were carefully eliminated by use of sulfuric acid, 
barium chloride, carbon dioxide gas, and neutral moist silver oxide. The 
final purified solution was then used in the growth experiments. 


Using the material, prepared by this method, the attempt was 
made to demonstrate its growth-inducing properties by its in- 
troduction into the basal diet of young male white mice. For 
a basal diet in these experiments and in the successful experi- 
ments with rats, Mendel’s casein diet was used. Instead, how- 
ever, of using highly purified reagents the diet was made up of 
the following: 


gm. 

Casein (Merck’s technical)...................... 180 
The salt mixture was composed as follows: gm. 


The ration was made into a paste by adding the melted lard to the 
dry ingredients and working in the agar after softening it with distilled 
water. 
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The animals were given distilled water to drink, each animal 
was allowed to eat all he wished, and the average daily consump- 
tion was noted. The reserve food was kept in the ice chest until 
needed and made up fresh at least once in 2 weeks. [T[ig. 1 indi- 
cates the typical results obtained from the fifteen mice used in 
this experiment. 

The results of this experiment indicated clearly that the pan- 
creas extract used contained no vitamine, or at least in too small 
quantity to produce growth results. The extract was given in 
5 ec. doses and contained 0.0021 gm. of solid in each 5 ec. Later 
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the extract was concentrated until 5 cc. contained 0.0123 gm. 
of solid, without favorable results. It contained only a trace 
of nitrogen. 

Dr. Funk kindly checked the method outlined above and frem 
the results we were led to believe that the failure to obtain the 
vitamine was due either to the loss of the material in the process 
of purification or to the small amount of material present. Dr. 
Funk had meanwhile been able to show that doses of yeast vita- 
mine entirely adequate to cure beri-beri in pigeons were not of 
sufficient power to produce growth in rats. I therefore decided 
to repeat the experiments with a larger supply of material and 
to check the effect of the extract at each step of the purification. 
These latter experiments have now progressed sufficiently to 
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justify the claim that pancreas does contain the vitamine and 
in considerable amount. The results to date are given in the 
following report. ; 


Demonstration of the Presence of Vitamine in Sheep Pancreas. 


Materials Used.—3,620 gm. of minced sheep pancreas were 
extracted with 5,300 cc. of 95 per cent alcohol of 0.8 per cent HCl 
strength. After thorough extraction the alcohol extract was 
filtered off and evaporated to dryness before the fan at room 
temperature. The residue was taken up with distilled water, 
warmed to 38°C., and the mixture filtered at that temperature 
on the hot funnel. After again evaporating this filtrate to dry- 
ness before the fan the residue was taken up in cold distilled water 
and this mixture filtered at room temperature. This procedure 
resulted in a fat- and protein-free liquid which was made up to 
2 liters volume with distilled water. This liquid was then divided 
into four equal portions of 500 cc. each. These four portions 
were used to prepare the experimental diet solutions as follows: 

Part I.—500 ce. of the solution were kept in the ice chest and 
fed to rats as required. 

Part II.—500 cc. of the solution were treated with 25 gm. of 
Lloyd’s reagent.!. The reagent was shaken with the pancreatic 
extract and the powder then filtered off and later mixed with the 
food of the rats. The filtrate was also retained and used in the 
diet of other rats as a control. 

Part III.—In accordance with the method of Jacobs,? 500 cc. 
of the solution were made acid with hydrochlorig, acid to 5 per 
cent strength and then precipitated with a solution of 25 per cent 
phosphotungstic acid in 5 per cent HCl. After washing this 
precipitate with acid (5 per cent HCl) it was removed to a sepa; 
ratory funnel and into this funnel was put one volume each of 
amyl] alcohol, ether, and water, made acid with HCl. Shaking this 


1 Seidell, A. (U. S. Pub. Health Report, No. 325, 1916), claims that Lloyd’s 
reagent—colloidal hydrous aluminium silicate—exerts a selective ad- 
sorption for vitamine. His experiments were conducted with yeast vita- 


mine. 
2 Jacobs, W. A., J. Biol. Chem., 1912; xii, 429. See also Van Slyke, 


D. D., tbid., 1915, xxii, 283. 
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mixture caused the phosphotungstic acid portion of the precipi- 
tate to pass into solution in the amyl alcohol and the rest of the 
precipitate passed into solution in the water. This water solu- 
tion was then filtered off, carefully neutralized with NaOH, 
and used to feed certain rats. 

Part IV.—500 cc. were held in reserve. 

In the feeding experiments I had then for use the following 
solutions: A. A filtered water-soluble portion of the alcohol extract 
of pancreas. B. Lloyd’s reagent after shaking with the water- 
soluble portion of the alcohol extract of pancreas and supposedly 
containing the adsorbed vitamine. C. Filtrate from the water- 
soluble portion of the alcohol extract after treatment with Lloyd’s 
reagent. D. The phosphotungstic precipitate of the water-sol- 
uble portion of the alcohol extract of pancreas held in neutral 
water solution after freeing of phosphotungstic acid with amy] 
alcohol according to Jacobs’ method. In the following descrip- 
tions these solutions will be designated by the letters used. All 
the liquids (A, C, and D) and the solid, B, were kept in the ice 
chest throughout the entire period of the experiment. This was 
done as a precaution and not because of any definite proof that 
the substance deteriorates at room temperature. 

Demonstration Methods.—For these experiments young male 
rats (white) were used, ranging from 40 to 90 gm. in weight 
at the beginning of the experiment. They were kept in separate 
cages and the casein diet was used as the basal food. In order 
to make sure that the casein was vitamine-free, all that was used 
in the food of the rats was first boiled for several hours in 95 per 
cent alcohol. The food was placed in feeding boxes so arranged 
as to prevent contamination by feces. Distilled water was given 
for drinking purposes. Twelve rats were used in the feeding 
experiments. Four were maintained on a mixed diet of bread, 
milk, carrots, cabbage, etc., to determine normal growth. Three 
of these are plotted in Fig. 2 (Rats 6, 7, and 12). One of the 
four developed scurvy and his curve is not included. 

Rats 1 and 2 were fed the casein diet for a period of 16 days. 
In this time they steadily declined in weight, as shown by the 
heavy line. (The dotted line shows the average food intake 
per day.) On the 16th day the casein diet was mixed with 16 cc. 
of the water-soluble pancreatic extract A. At each succeed- 
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ing weighing period new food was given mixed with 10 cc. doses 
of the extract. The upward rise in the weight curve was imme- 
diate and was steadily maintained throughout the entire experi- 
mental period of 23 days following the first dose. These results 
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indicated clearly the power of the extract to induce growth and 
also to develop increase in daily food consumption. 
As in the case of Rats 1 and 2, the diet of Rat 3 was of the casein 
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mixture for 16 days with bare maintenance of weight for that 


period. On the 16th day the water-soluble extract A was added 
and the corresponding rise in weight occurred. On the 25th 
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day the rat was put back on the casein diet and in the next 6 
days declined 6 gm. in weight, showing that the presence of the 
extract was necessary to maintain growth. On the 32nd day 
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this rat was given a dosage of 10 cc. of the phosphotungstic 
precipitate D. The animal immediately began to gain weight 
and continued to do so to the end of the experiment on the 39th 
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day. This experiment demonstrated that the growth-produc- 
ing power of the water extract was not lost in the first separation 
step. 
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Rats 4 and 5 were given 18 days of casein diet with mainte- 
nance or decline. On the 18th day 12 gm. of Lloyd’s reagent, 
B, were added to the diet. At each succeeding period 5 to 6 gm. 
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were added. In the 10 days of this treatment the rats showed 
an increase in weight, demonstrating the power of this sub- 
stance to adsorb the vitamine and confirming Seidell’s! conclu- 


Fia. 6. 


sions. (Further confirmation of this point was given by Rat 9.) 
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On the 28th day these rats were returned to the casein diet and 
it was interesting to note that Lloyd’s reagent was found to 
persist in its stimulating effects for some 3 or 4 days after its 
feeding had stopped. At the end of 6 days the rats had begun 
to decline. Both of these rats were made to resume their up- 
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ward rise in weight by the addition of 10 cc. doses of the phos- 
photungstic precipitate D to the diets on the 32nd and 34th days 
respectively, further confirming the results with Rat 3. 

Rat 9 was fed casein diet for 23 days with a marked decline 
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in weight. On the 23rd day a dosage of the filtrate C from 


Lloyd’s reagent was begun (10 cc. amounts at each weighing 


period). 


This failed to do more than produce a lessening in 


the decline of the curve, indicating that the Lloyd reagent removes 


at least the greater part of the vitamine. 


At the end of 8 days 


of this diet the rat was given 1 day’s ration of casein food alone 


me 
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and then a dosage of the phosphotungstic precipitate was be- 


gun (D). Recovery and increase were immediate. 
Rat 10 was fed casein diet for 32 days with a decrease in weight 
of some 30 gm. In spite of this long period of decline the feed- 


Wwetg/t 3. fat 9. 
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ing of the phosphotungstic precipitate’ D on the 32nd day brought 
about immediate rise in weight which was maintained. 
At the end of the charted period the rats were all in good con- 
dition except the one control rat mentioned that showed incipient 
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scurvy. None of the extract-fed rats showed any signs of scurvy 
or of other dietary diseases. : 


GENERAL CONCLUSIONS. 


The results of the rat experiments seemed to prove conclu- 
sively that the water-soluble portion of the alcoholic extract of 
pancreas contains a substance that is capable of inducing marked 
increase in growth. This substance is removed from the extract 
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without loss of power by treatment with Lloyd’s reagent. It is 
also precipitated in the phosphotungstic precipitate of the ex- 
tract. It is not a protein or fatty substance. It occurred to 
me that the results might indicate not a vitamine but a happy 
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combination of amino-acids. To determine this point I secured 
amino nitrogen determinations on solutions A, C,and D. These 
solutions were analyzed by Dr. J. C. Bock of Cornell Medical 
College, to whom they were given as lettered samples. The re- 
sults of the analyses were as follows: 


Solution A contained 4.839 mg. of amino N per ce. 


Solution C was the solution from which the vitamine was 
removed with Lloyd’s reagent and had practically no growth- 
stimulating power. The result of the above analysis indicates 
that the Lloyd powder removed none of the amino-acids, yet 
did remove the growth stimulus. The fact that the phospho- 
tungstic solution D contained much less amino-acid and yet 
was powerful in a growth stimulation also tends to make the con- 
clusion stronger that we were dealing with something other than 
amino-acid stimulus. 


In conclusion I wish to acknowledge my indebtedness to Dr. 
Nellis B. Foster, to Dr. Wm. J. Elser, and to Dr. Stillman for 
the facilities given me at the New York Hospital, to Dr. Casimir 
Funk for his suggestion and criticism throughout the research, 
and to Dr. J. C. Bock for his assistance in the matter of the amino- 
acid determinations. 
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STUDIES IN CREATINE METABOLISM.* 


I. POSSIBLE INTERRELATIONS BETWEEN ACIDOSIS AND 
CREATINE ELIMINATION. 


By FRANK P. UNDERHILL. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, July 31, 1916.) 


Current views! associate the elimination of creatine with some 
perversion of carbohydrate metabolism. The probability of a 


- close relationship of this sort is indicated by the well known fact 


that a deficiency of carbohydrate in the body, as in starvation, 
leads to creatine elimination which may be checked promptly 
by ingestion of carbohydrate. Depletion of the body of carbo- 
hydrate may also be accomplished through the action of various 
toxic substances like phlorhizin, phosphorus, hydrazine, etc., or 
through disease as in diabetes. In each of the enumerated in- 
stances of carbohydrate deficiency, creatine appears in the 
urine. There are, however, experimental facts which the familiar 
hypothesis fails to explain. McCollum and Steenbock? found 
that in the pig a diet of corn products, among others, led to the 
appearance of relatively large quantities of creatine in the urine. 
The authors point out that the “character of the proteins in the 
diet appears to determine whether a large or a small creatine 
production takes place in the tissues. These observations leave 
little doubt that creatine may come from exogenous as well 


* The results of this investigation were reported to the Society for 
Experimental Biology and Medicine, March 15, 1916. See Proc. Soc. 
Exp. Biol. and Med., 1916, xiii, 113. 

1 Recent literature concerning creatine may be found in the papers 
of Mendel, L. B., and Rose, W. C., J. Biol. Chem., 1911-12, x, 213; Ries- 
ser, O., Z. physiol. Chem., 1913, |xxxvi, 415; Myers, V. C., and Fine, M. S., 
J. Biol. Chem., 1913, xiv, 9; 1913, xv, 283, 285; 1913-14, xvi, 169; 1915, xxi, 
377, 383, 389. Benedict, S. R., and Osterberg, E., zbid., 1914, xviii, 195. 

? McCollum, E. V., and Steenbock, H., J. Biol. Chem., 1912-13, xiii, 209. 
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as endogenous protein metabolism.’”’ Somewhat similar experi- 
ments of Folin? with oat feeding yielded comparable results. 
The dietaries employed, especially those of McCollum and Steen- 
bock, cannot be regarded as lacking in carbohydrate, for in the 
creatine-producing diet was included a significant quantity of 
added starch. 

Deficiency of carbohydrate usually means an accompanying 
acidosis, not necessarily caused by ketogenic substances, which 
presumably involves the tissues associated with creatine-creatinine 
metabolism. At any rate nearly every instance in which there 
is creatine in the urine is accompanied by an acidosis—gener- 
ally a ketonuria also. The term acidosis in the sense used here 
means a disturbance in the acid-base equilibrium in the body, 
whereby the excessive production of acid or introduction of sub- 
stances forming an acid ash causes the withdrawal of base from 
the body. In man it is probable that in general the body neutral- 
izes such acid with ammonia, the neutralization of acid with 
other bases never having been demonstrated. Carnivora un- 
doubtedly neutralize acids in a similar manner. With the rab- 
bit, however, the neutralization of acid may not necessarily 
be performed by ammonia, for in experimental acid poisoning 
in these animals there is not a close relationshin between the 
output of ammonia and the introduction of acid, but the other 
bases as sodium, potassium, calcium, and magnesium, are much 
increased in the urine. With the dog, on the other hand, such 
a relationship obtains and the other alkali bases are relatively 
little increased. The older explanation of these facts was to 
the effect that the herbivorous animal ingested too little protein 
material to furnish sufficient ammonia for neutralization pur- 
poses. Another possible viewpoint is that owing to the general 


character of the diet consumed by the herbivora a great excess 


of base is introduced into the body, as indicated by the general 
alkalinity of the urine of herbivora, which may be readily avail- 
able for neutralization purposes under ordinary conditions. 
The store of such available base must be somewhat limited, 
however, since the great susceptibility of the rabbit to acid is 
well known. In view of this fact it would seem that in questions 


3 Reported at the meeting of the American Society of Biological Chem- 
ists, December, 1915. 
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involving the influence of acid upon varying phases of metabolic . 
activity the rabbit would serve as an ideal experimental animal, 
much more so than the dog, which is very resistant to acid in- 
troduction. 

The fact that in nearly every instance in which creatine ap- 
pears in the urine there is an accompanying acidosis suggests 
the hypothesis that a condition of acidosis in the body is re- 
sponsible for the appearance of creatine in the urine. To test it 
the following questions demand an answer. 1. If acidosis is 
induced, will creatine appear in the urine, even in the presence 
of an adequate carbohydrate supply? 2. Will the elimination 
of creatine disappear if the acidosis is abolished, quite independ- 
ently of the factor of carbohydrate supply? 

In the present paper a condition of acidosis was considered 
indicated when the urine of the rabbit became strongly acid, 
as shown by determination of the hydrogen ion concentration, 
employing sodium alizarine sulfonate as the indicator. In the 
sense of the term acidosis as used here, that is, a condition of 
alkali depletion, the assumption given above is undoubtedly 
correct since ordinarily the rabbit secretes urine which is strongly 
alkaline. 

The general plan of the investigation was as follows: Rabbits 
were fed upon diets containing adequate carbohydrate supply 
but of such a nature that one diet would yield a pronounced acid 
-ash, another a distinctly basic ash, and finally the third type of 
diet consisted of a mixture of the other two. The acid-produc- 
ing foods were whole oats and cracked corn, the mixture being 
designated the ‘‘grain diet.’”’ Fresh carrots constituted the base- 
producing food, designated “carrot diet.’ A dietary contain- 
ing oats, corn; and carrots is called the ‘‘mixed diet.” 

The results obtained are to be found in Tables I to VI. 
Upon a diet of oats and corn containing an adequate supply 
of carbohydrate, creatine’ promptly appears in the urine. A 


4 Henderson, L. J., and Palmer, W. W., J. Biol. Chem., 1912-13, xiii, 393. 
The presence of phosphates in the alkaline urines interfered with accur- 
ate determinations of the hydrogen ion concentration; hence the figures 
given for the alkaline urines are only approximations. 

5 24 hour specimens of urine were obtained by compression of the blad- 
der through the abdominal wall. Creatinine was estimated according 
to the method of Folin and creatine by the procedure of Benedict and 
Myers. 
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‘markedly increased hydrogen ion concentration of the urine is 
always associated with this phenomenon. The presence of crea- 
tine in the urine is just as easily manifested upon a grain diet 
whether the latter is given to animals fresh from stock or after 
a relatively prolonged period in which the base-producing foods 
have predominated. Upon the grain diet the urine of the two 
rabbits tested, Tables VI and VII, acquired distinct tests for pro- 
tein. The condition of albuminuria persisted throughout the 
period of observation. It is of considerable significance in the 
etiology of nephritis that protein may appear in the urine as a 
result of a change in the character of the diet. 

Upon a carrot diet urinary creatine rapidly disappears as the 
urine becomes alkaline; or if creatine was originally absent from 
the urine it remains so. 

Under the conditions outlined above the facts with regard 
to creatine elimination may be interpreted in two ways, first, 
the appearance of creatine in the urine on the grain diet and its 
disappearance on the carrot diet may be ascribed to the charac- 
ter of the proteins constituting the dietaries, or second, the phe- 
-nomenon under discussion may be explained on the basis of the 
acid-base-producing potentialities of the dietaries. To deter- 
mine the responsible factor animals were fed upon the ‘“‘mixed 
diet’”’ constituted by a mixture of the two types of dietaries. 
From the tables it is obvious that the protein per se in the diet 
is without special significance for upon the mixed diet creatine — 
fails to appear in the urine and the reaction of the latter remains 
alkaline. The acid-producing power of the grain diet must 
therefore be considered as the potent factor in the production 
of creatinuria under the experimental conditions. To demon- 
strate still further the validity of this inference rabbits, main- 
tained upon a “mixed diet,’’ hence consequently without creati- 
nuria and with alkaline urines, were given relatively small doses 
of hydrochloric acid by means of the stomach sound twice daily. 
This addition of hydrochloric acid to the ‘‘mixed diet’’ without 
change of proteins causes the appearance in the urine of signifi- 
cant quantities of creatine. Simultaneously the hydrogen ion 
concentration of the urine is markedly increased. 

The facts enumerated above also confirm the findings of Mc- 
Collum and Steenbock that creatine may appear in the urine 
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even when adequate carbohydrate is supplied; and they lead to 
the conclusion that creatinuria is not necessarily related to carbo- 
hydrate deficiency in the body. It would appear to be associated 
with a condition of acidosis which may and usually does accom- 
pany those states of metabolism in which carbohydrate deficiency 
is especially noticeable. 

In general, the figures for creatinine are fairly constant for 
each individual animal, but an inspection of the tables will show 
that there is on the average a decided tendency for creatinine 
to be increased on the carrot diet and to be decreased when hy- 
drochloric acid is added to the mixed diet. 

The tables follow. 
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TABLE 
The Relation of the Character of the Food Intake to Py of the Urine and to 


the Elimination of Creatine. 


Urine. 
Date. Remarks. 
Vol- |Specific}] Creat- | Crea- Pp 
ume. jgravity.| inine. | tine. 
1916 ce. mg. mg. = 
Jan. 24 90 | 1.025) 135 0 | 8.70 | White male rabbit of 2,400 gm. 
- 2 65 | 1.023} 92; 18 | 6.70 50 gm. oats. 
100 | 1.030) 72; 45 | 6.30 | Grain diet {50 “ cracked 
wee 60 | 1.035) 90); 34 | 5.30 corn. 
ae 30 | 1.040; 81); 27 | 4.90 
50 | 1.030; 31 | 4.70 | Feces soft. 
60 | 1.025; 81] 39 | 4.70 
60 | 1.024 77 | 39 | 4.70 
Average 88 | 
Feb. 1 60 | 1.030} 81); 13 | 5.30 {| Carrot diet: 300 or 500 gm. 
6 2 300 | 1.010; 90 5 | 7.38 carrots. For first 2 days 
a 300 | 1.010; 81 0 | 7.48 300 gm. carrots were given. 
| 300] 1.010} 93] |7.48| From this period on the ani- 
5 425 1.012} 91 0 | 7.48 mal received 500 gm. carrots. 
x 6 275 | 1.025} 92 0 | 8.0 
300 | 1.016; 100 0 | 9.27 
a 8 350 | 1.015} 90 0 | 8.70 
Average 90 
Feb. 9 | 250] 1.020) 73] 0 | 8.70 be 7 om 
“ 10 | 120] 1.015} 88 0 | 8.70 | Mixed diet < ~ 
120 | 1.015) 90 0 | 8.70 25() 
E gm. carrots. 
Average 83 
Feb. 12 170 | 1.012} 57 0 | 8.0 | 12m. 50 ce. 0.25 Nn HCI by 
stomach tube. 
11 a.m. 50 ce. 0.25 N HCl by 
stomach tube. 
AS 6 p.m. 50 ec. 0.25 nN HCl by 
stomach tube. 
(11 a.m. 50 ec. 0.25 N HCl by 
stomach tube. 
6 p.m. 50 ec. 0.25 HC! by 
stomach tube. 
Average 59 
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TABLE II. | 
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The Relation of the Character of the Food Intake to Py of the Urine and to 


the Elimination of Creatine. 


Urine. 
Date Remarks. 
Vol- |Specific | Creat-| Crea- 
ume. jgravity.| inine. tine. 
1916 ce. mg. mg. 
Jan. 24 50 | 1.038; 95 0 | 8.70 | Male rabbit of 2,200 gm. 
60 | 1.035} 95; 11 | 6.70 
50 | 1.032} 83] 51 | 6.30 50 gm. oats. 
50 | 1.030} 101 | 39 | 5.30] Grain diet: “ cracked 
~ ae 40 | 1.035} 81] 36 | 5.70 corn. 
50 | 1.035} 108 | 45 | 4.90 
| 1.035; 81); 45 | 4.70 
an 55 | 1.032} 81); 39 | 4.90 
Feb. 1 50 | 1.035} 81] 57 | 4.70 | Urine showed distinct test for 
protein. 
* 2 50 | 1.035} 90; 41 | 4.70} Previous to experiment urine 
was protein-free. 
Average 89 
Feb. 3 110 | 1.020; 97); 31 | 4.90; Carrot diet for first 2 days 
300 gm. 
¥ 4 400 | 1.015; 116] 18 | 7.48 | Carrot diet for remainder of 
period, 500 gm. 
“i 5 425 | 1.012} 112 0 | 7.48 
" 6 275 | 1.025} 104 0 | 8.0 
‘s 7 400 | 1.012} 98 0 | 8.70 
. 8 350 | 1.015) 113 0 | 8.70 | Urine still shows traces of pro- 
tein. 
Average 106 
Feb. 9 | 170} 1.020} 0 | 8.70 
“ 10 | 100}1.025) 70} | 8.70| Mixed diet: 
11 120 | 1.020 88 0 | 8.70 | 250 gm. carrots. 
Average 84 
Feb. 12 150 | 1.012} 71{ 14 | 6.30 |] 12 m. 50 ce. 0.25 N HCl by 
stomach tube. 
11 a.m. 50 ee. 0.25 n HCl by 
stomach tube. 
6 p.m. 50 cc. 0.25 HCl by 
stomach tube. 
ee Animal killed because of in- 
jury. 
Average 69 
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TABLE III. 
The Relation of the Character of the Food Intake to Py of the Urine avd to 


the Elimination of Creatine. 


Date. 


1916 
Jan. 24 
<< 31 
Feb. 1 


Urine. 


Vol- 


ume. 


Specific 
gravity. 


Creat- 
inine. 


Crea- 
tine. 


Remarks. 


.030 
.030 
.030 
025 
025 


.030 


mg. 


95 


mg. 


Male rabbit of 2,200 gm. 


50 gm. oats. 
50 “ cracked 
corn. 


Grain diet: 


Urine previously protein-free 
contained distinct traces of 
protein. 


Average 


Feb. 3 


4 
5 
6 
sé 


Gr 


57 


10 


© © © 


Carrot diet for first 2 days, 
300 gm. 

Carrot diet for remainder of 
period, 500 gm. 


Urine still contains protein. 


Average 


Feb. 9 
é 10 
1] 


© 
Gr 


ooo 


| 25 gm. oats. 

25 “ cracked 
Mixed diet: < 
corn. 

gm. carrots. 


Average 


Feb. 13 
14 


15 


3S 


Each day the animal received 
100 cc. 0.25 N HCI divided in- 
to two equal doses,one being 
given at 11 a.m., the other 
at 6 p.m. 


Average 


Feb. 16 
se 19 


1) 


| 


Average | 
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Carrot diet: 500 gm. carrots. 
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| 60 | | | 
| 50] | 6.90 | 
90] 109| 53 | 6.00 | 
60 | 85) 52 | 4.90 | | 
| 60 | | 112) 27 | 4.90 
| | | 81] 63 4.70 | | 
| 60 | | 81] 49 | 4.70 | 
| 57 | 4.70) 
| 81] 63 | 4.70 | 
« 91 60| Imm 90] 52 | 4.70 
| 90 | | | 
150 1.015) 95 | | 5.70 
| 470 | 1.015, 139 | = 7.38 | j 
400 | 112 | | 7.48 | 
375 | | 8.0 
| | 114] | 8.70 | 
120 | (3870 | 
190 | | 118 | | 8.70 | 
120 | 97 | 8.70) 
| 170 | | 8.70, 
250 | 115 | 8.0 | 
| 120; 1.015} 49 | 4.90 | 
| 170 | 1.015) 93 | 4.90 | 
| 160 | 1.015) 92 | | 4.70 | 
| | | | | | ig 
| | | | | 
425 | ' 100 | 1g | 9.27 | 
| 425 | 9.27 | 
350 125 | 9.27 | 
| f | 400 | 134 | 9.27 | | 
| 250 | 113 9.27 | 
a 120 | 114 | | 9.27 | 
| | | 
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TABLE {11.—Concluded. 


Urine. 
Date. Remarks 
Vol- |Specific | Creat- | Crea- P 
ume. |gravity.| inine. | tine. H 
1916 ce. mg. mg. 

Feb. 22 | 275} 1.015) 113} 23 | 7.38 | Each day the animal received 
7 ae 120 | 1.025} 100; 72 | 5.70 100 ce. 0.25 N HCl divided 
eae 175 | 1.015} 100 | 34 | 5.30 into two equal doses, one be- 

ing given at 11 a.m., the 
other at 6 p.m. 

Average 104 

Feb. 25 | 350] 1.010) 133 | 28 | 9.27 
7 Oe 465 | 1.013} 128 0 | 9.27 | Carrot diet: 500 gm. carrots. 
wae. 325 | 1.017) 114 0 | 9.27 

Average 125 

Feb. 28 80 | 1.035) 136 0 | 6.90 : 
wee 70 | 1.035; 103; 17 | 4.70 50 gm. oats. 

Mar. 1 96 | 1.020} 110} 34 | 4.70 | Grain diet: {50 “ cracked 
90 | 1.015} 121 | 34 | 4.70 corn. 
3 93 | 1.020; 126 | 14 | 4.70 

Average 119 

Mar. 4 { 2651} 1.010} 130 | 9.27 | Carrot diet: 500 gm. carrots. 

‘ 5 430 | 1.015} 138 0 | 9.27 | Body weight at end of experi- 
ment, 2,280 gm. 

Average 134 
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TABLE IV. 


The Relation of the Character of the Food Intake to Pg of the Urine and to 


the Elimination of Creatine. 


Urine. 
Date. Remarks. 
Vol- |Sperific| Creat- | Crea- | 
ume. igravity.} inine. tine. H- 
1916 ce mg. mg 
Feb. 16 325 | 1.017; 132; 36 | 9.27 | Male rabbit of 2,700gm. Pre- 
wae 350 | 1.015) 123] 14 | 9.27 vious diet unknown. 
“18 | 325] 1.015) 104 0 | 9.27 | Carrot diet: 500 gm. carrots. 
Average 119 
Feb. 19 | 400; 1.015) 134 0 | 9.27 25 gm. oats. 
140 | 1.025) 113 “ cracked 
« o | oar | 
| gm. carrots. 
Average 123 
Feb. 22 | 235; 1.015) 126 0 | 7.38 Each day the animal received 
275 |} 1.012; 991! 98 | 5.30 100 ce. 0.25 HCl divided 
—— 235 | 1.015, 118) 24 | 5.30 into two equal doses, one 
| being given at 11 a.m., the 
other at 6 p.m. 
Average 114 
Feb. 25 275 11.018 16 | 9.27 
eg 310 | 1.015 119 7 | 9.27. Carrot diet : 500 gm. carrots. 
ae 360 | 1.012, 115 0 | 9.27 
Average | 116 | 
Feb. 28 | 65 1.035; 114] 0 | 6.70 | 
80/1040 18 | 4.70. (50 gm. oats. 
Mar. 1 81 1.040 100; 33 4.70. Grain diet: <50 “ cracked 
2 73 | 1.025; 99] | 4.70 | corn. 
3 | 1.019| 33 | 4.70) 
Average 108 | | 
Mar. 4 150 | 1.01 111 0 | 6.0 Carrot diet: 500 gm. carrots. 
410 | 1.015: 129 0 | 9.27 
Average | 120 | 
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TABLE V. 


The Relation of the Character of the Food Intake to Py of the Urine and to 
the Elimination of Creatine. 


Urine. 
Date. Remarks. 
Vol- {Specific | Creat- | Crea- | 
ume. |gravity.| inine. | tine. H- 
1916 ce. mg. mg. 
Feb. 16 400 | 1.015} 94 QO | 9.27 | Male rabbit of 2,400gm. Pre- 
ae 450 | 1.015} 144 0 | 9.27 vious diet unknown. 
- 3 350 | 1.018} 88 0 | 9.27 | Carrot diet: 500 gm. carrots. 
Average 108 
Feb. 19 | 1.015} 110] 0 | 9.27 
100 | 1.026; 84 O | 9.27 | Mixed diet: . 7 
wie 150 | 1.025) 96 0 | 9.27 : 
250 gm. carrots. 
Average 97 
Feb. 22 330 | 1.013) 102] 33 | 7.38 | Each day the animal received 
~ “2 255 | 1.013) 98; 50 | 5.70 100 cc. 0.25 n HCl divided 
ae 250 | 1.012; 100 | 30 | 5.30 into two equal doses, one 
being given at 11 a.m., the 
other at 6 p.m. 
Average 100 
Feb. 25 350 | 1.012} 112; 14 | 9.27 
450 | 1.015) 122 0 | 9.27 | Carrot diet: 500 gm. carrots. 
gue 390 | 1.013) 86 0 | 9.27 
Average 107 
Feb. 28 90 | 1.025) 121 0 | 6.90 
a ae 60 | 1.035) 81 7 | 4.70 50 gm. oats. 
Mar. 1 60 | 1.025} 88 | 37 | 4.70 | Graindiet: ;{50 “ cracked 
r 2 90 | 1.023) 91); 64 | 4.70 corn. 
e 3 68 | 1.025} 92); 35 | 4.70 
Average 95 
Mar. 4 340 | 1.010} 107; 14 Carrot diet : 500 gm. carrots. 
5 400 | 1.016] 108 0 
Average 107 
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TABLE VI. 
The Relation of the Character of the Food Intake to Py of the Urine and to 


the Elimination of Creatine. 


Urine. 
Date. Remarks. 
Vol- |Specific) Creat- | Crea- p 
ume. gravity.) inine. | tine. H- 
1916 ec. mg. mg. 
Feb. 16 300 016) 100 QO | 9.27 | Male rabbit of 2,000 gm. Pre- 
400 015) 108 0 9.27 | vious diet unknown. 
325 | 1.015) 89 | 9.27 | Carrot diet: 500 gm. carrots. 
Average 99 
Feb. 19 325 | 1.020; 80 0 | 9.27 25 gm. oats. 
130 .028| 98 | 9.27 | Mixed diet: | 25 cracked 
150 83 0 9.27 corn. 
250 gm. carrots. 
Average 87 
Feb. 22 130 | 1.020); 85 0 | 7.48 | Each day the animal received 
275 11.0108 77; 18 | 100 ec. 0.25 n HCl divided 
a 180 | 1.017; 76| 31 | 5.30 into two equal doses, one 
being given at 11 a.m., the 
other at 6 p.m. 
Average 80 
Feb. 25 275 | 1.015) 91 6 | 9.27 
425 | 1.015) 92 0 | 9.27 | Carrot diet: 500 gm. carrots. 
320 | 1.012) 96 0 | 9.27 
Average 93 
Feb. 28 80 | 1.025) 91 0 17.8 i aie 
«99 | 1.030} 34 | 5.30 
Mar. 1 45 1.040; 90), 46 | 5.30 Grain diet: ais | 
2 70 | 1.026 90 42 5.30 O50) 
60 | 1.020) 65} 50 | 5.30 
Average 83 
Mar, 4 1.015 70} 23 | 9.27 | Carrot diet: 500 gm. carrots. 
340 1.018 S2 0 9.27 
Average 76 
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SUMMARY. 


Upon a diet of oats and corn, containing an adequate supply 
of carbohydrate, creatine promptly appears in the urine of the 
rabbit. A marked condition of acidosis, as measured by the hy- 
drogen ion concentration of the urine is always associated with 
this phenomenon. Oats and corn are pronounced acid-produc- 
ing foods. On the other hand, if a base-producing food, such as 
carrots, 1s fed to rabbits with creatinuria, this symptom rapidly 
disappears as the urine becomes alkaline. 

The protein per se is without special significance in the phenome- 
non under discussion; for upon a diet consisting of oats, corn, 
and carrots creatine fails to appear in the urine, and the reaction 
of the latter remains alkaline. Equally significant is the fur- 
ther fact that the ingestion of hydrochloric acid with the mixed 
diet causes the appearance in the urine of significant quantities 
of creatine. Simultaneously the hydrogen ion concentration 
of the urine is markedly increased. 

The conclusion seems justified that there 1s an interrelation- 
ship between acidosis and creatine elimination. Creatine in 
the urine may prove to be an index of a condition of acidosis 


in the organism. 
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STUDIES IN CREATINE METABOLISM. 


II. THE INFLUENCE OF ALKALI UPON CREATINE ELIMINATION 
DURING INANITION. 


By FRANK P. UNDERHILL. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, July 31, 1916.) 


It is well recognized that during inanition creatine appears in 
the urine of the rabbit in significant quantities and it is likewise 
well known that in a starving condition the urine becomes mark- 
edly acid in reaction. This change in reaction of the urine has 
been explained by the assumption that the starving herbivorous 
animal feeds upon its own tissues in an effort to derive sufficient 
fuel for its needs and under these circumstances is to all intents 
and purposes with respect to the character of its metabolism a 


carnivorous animal. During the process of disintegration of tis- 


sue thus devoted to calorific needs acids are formed which must 
be neutralized by fixed alkalies of the organism and this continual 
demand for alkali results in base depletion eventually—a concom- 
itant of which is the elimination of creatine in the urine. 
According to these ideas, then, in starvation in the rabbit there 
should be a greatly increased hydrogen ion concentration in the 
urine. That such a condition obtains may be seen from the 
data in Table I. Here it is shown that creatinuria and a mark- 
edly high hydrogen ion concentration occur simultaneously. 
These results are in agreement with the hypothesis advanced in 
the preceding paper; namely, that creatine in the urine is asso- 
ciated with a condition of acidosis and may be independent of 
the carbohydrate supply. On the other hand, during the creati- 
nuria of inanition in the rabbit! and in pernicious vomiting of 
pregnancy”? carbohydrate introduction into the body will either 


‘Mendel, L. B., and Rose, W. C., J. Biol. Chem., 1911-12, x, 213. 
*Underhill, F. P., and Rand, R. F., Arch. Int. Med., 1910, v, 61. 
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greatly diminish or totally inhibit the excretion of creatine. This 
may be explained by assuming that there is diminished tissue 
breakdown after carbohydrate introduction, hence decreased acid 
formation, so that base depletion is inhibited more or less com- 
pletely. | 

If these ideas are correct, and in particular the view that base 
depletion is responsible for creatine elimination, it would appear 
reasonable to assume that during creatinuria, as in inanition, 
administration of base should either markedly decrease or entirely 
prevent the appearance of creatine in the urine. The results of 
four such experiments may be found in Tables II, II, IV and V. 

Inspection of these data will show that the subcutaneous in- 
jection of 50 cc. of a 2 per cent solution of sodium hydroxide 
caused the creatine in the urine of three (Tables II, III, and IV) 
starving rabbits to completely disappear and in a fourth animal 
(Table V) creatinuria was notably diminished. In only one in- 
stance, Table III, did the urine of the injection day, Jan. 16, 
become alkaline. A similar injection of alkali on the following 
day was without influence upon creatine excretion in three out 
of the four experiments. In the fourth, Table V, creatine excre- 
tion continued low. A subsequent (Jan. 19) larger administra- 
tion of base was without significant influence in two instances, 
Tables II and V; in one, Table III, there was a noticeable drop 
in creatine excretion and in Table IV it may be observed that 
creatinuria was completely abolished. In all cases after the final 
injections the urines became noticeably alkaline. 

The experiments clearly demonstrate that administration of 
alkali may decrease or entirely inhibit the appearance of creatine 
in the urine during inanition. This effect cannot be regarded 
merely as a failure of creatine excretion as, for example, by an 
action upon kidney function, for under these circumstances it 
might fairly be assumed that creatinine elimination would also 
be influenced. The data show that creatinine excretion is not 
changed materially by administration of alkali. The conclusion 
is therefore justified that alkali checks or inhibits temporarily 
the formation of creatine, or, viewed from another standpoint, 
facilitates its further transformation in the organism. . The in- 
fluence of alkali upon creatine elimination is only temporary, as 
might be expected, inasmuch as the introduction of alkali merely 
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neutralizes acid produced and does not completely or permanently 
inhibit acid production. In other words, even though alkali is 
furnished, acid continues to be formed as the result of the organ- 
ism’s need for fuel. Consequently as the transformation of tis- 
sue, in the absence of sufficient glycogen and fat, into energy- 
producing substances becomes greater and greater the influence 
of small injections of alkali becomes correspondingly diminished 
as may be seen from Tables II, III, and V. There seems to be 
a stage in metabolism where creatine elimination during starva- 
tion may be inhibited by administration of alkali. Beyond this 
point alkali introduction may or may not exert an influence. 


TABLE I. 
The Influence of Starvation upon the Pu of the Urine and upon Creatine 
Elimination. 
Urine. 
Date. 
Volume. | Total N. | Creatinine. | Creatine. Pu. 
Rabbit 3. 
1916 - ce. gm. mg. mg. 

May 1 30 0.56 68 0 7.6 
wa 36 1.04 76 17 5.4 
mae 83 1.71 76 70 4.9 
see: 190 2.58 82 108 4.7 
a 45 0.34 32 78 5.3 

Rabbit 4. 

May 1 54 0.56 78 0 7.6 
wee 42 0.66 86 20 6.2 
mee 36 0.99 79 55 5.8 
ee 34 0.85 75 95 5.8 
a 31 1.21 SO 90 4.7 
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TABLE II. 
4 The Influence of Alkali upon Creatine Elimination During Inanition. 
4 Urine. 
Date. Remarks. 
Vol- |Specific} Reartionto | Creat. | Crea- 
a ume. jgravity. litmus. inine. | tine. 
i 1916 ce. mg. mg. | Male rabbit of 2,100 
gm. 
3 Jan. 12 60 | 1.035)Acid. 114 0 Fasting. 
“13 | 90 | 29 
eee 50 | 1.030) “ 101 | 16 4 
“6 72 | 34 
cutaneous injec- 
4 tion of 50 cc. 2.0 
“47 60 | 1.0301 | 46 «J per cent NaOH. 
“2 50 | 1.035)Alkaline. 90 | 42 
i 95 | 60 “) 10.45 a.m. and 
x 5.00 p.m. intra- 
venous injection 
a of 50 cc. 2.0 per 
60 1.030 95 §2 cent NaesCQs3. 
TABLE III. 
The Influence of Alkali upon Creatine Elimination During Inanition. 
| Urine. 
Date. Remarks. 
Vol- |Specific| Reaction to | Creat-; Crea- 
ume. [gravity litmus. inine. tine. 
i916 cc. —s mg- | Female rabbit of 2,400 
Jan. 12} 250 | 1.010} Acid. 88 | 13 | Fasting. 
45 | 1.035 95 | 14 
+ 50 | 1.032 106 35 
50 | 1.035 100 | 35 
16 50 | 1.035 Alkaline. 101 0 | 1045 ogee 
cutaneous injec- 
‘ tion of 50 ec. 2.0 
50 | 1.035 80 | 93 «| per cent NaOH. 
50 | 1.040 101 | 71 
* 90 | 27 “) 10.45 a.m. and 
5.00 p.m. intra- 
venous injection 
of 50 cc 2.0 per 
40 | 1.0380 29 “| cent Na,COs. 
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The Influence of Alkali upon Creatine Elimination During Inanition. 
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Urine. 
Date. Remarks. 
Vol- Specifie| Reaction to | Creat-| Crea- 
ume. gravity. litmus. inine. | tine. 
1916 cc. mg mg. | Female rabbit of 2,100 
gm. 
Jan. 12 | 270 | 1.008) Acid. 70 8 | Fasting. 

“ 70 | 1.040 81 10 

“ 14 40 | 1.035 75 18 

15 40 | 1.035 75 17 

taneous injection 
of 50 ec. 2.0 per 

~ 50 | 1.035} Alkaline. 75 23 «J cent NaOH. 

40 | 1.030 76 37 

“19! 90] 1.030) “ 70 | 23 10.45 a.m. and 
5.00 p.m. intra- 
venous injection 
of 50 ce. 2.0 per 

20 30 | 1.035 57 0 cent Na;:CQs3. 

TABLE V. 


The Influence of Alkali upon Creatine Elimination During Inanition. 


Urine. 
Date. Remarks. 
Vol- | Specific} Reaction to | Creat-| Crea- 
ume. igravity. litmus. inine. tine. 
1916 ce. mg mg. | Female rabbit of 2,400 
gm. 
Jan. 12; 170 | 1.023) Acid. 95 0 | Fasting. 
60 | 1.040 101 | 71 
50 | 1.030 85 | 45 
40 | 1.050 90 | 39 
taneous injection 
of 50 ec. 2.0 per 
“ 80] 1.030} Alkaline. | 115 | 10 «J cent NaOH. 
“ 18 60 | 1.035) Acid. 124 | 65 si 
“ 19 | 110 | 1.030} Alkaline. 89 | 68 10.45 a.m. and 
| 500 p.m. intra- 
venous injection 
of 50 ec. 2.0 per 
70 | 1.035) “ 108 | 63 “ cent NasCQs. 
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Creatine Metabolism. II 


SUMMARY. 


Administration of alkali during the earlier days of starvation 
may greatly diminish or completely abolish the creatinuria of 
that condition. Later in the period of inanition introduction of 
alkali may not show as marked an influence upon the existing 
creatinurla. 

The results of these experiments lend support to the hypothesis 


that there exists a relationship between acidosis and creatine 
elimination. 
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STUDIES IN CREATINE METABOLISM. 


Ill. THE INFLUENCE OF ALKALI UPON THE CREATINURIA OF 
PHLORHIZIN GLYCOSURIA. 


By FRANK P. UNDERHILL anno EMIL J. BAUMANN. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University. 
New Haven.) 


(Received for publication, July 31, 1916.) 


Creatinuria occurs during phlorhizin glycosuria. Coincident 
with this there is evidence of carbohydrate deficiency and a 
well marked acidosis. In view of the fact that in starvation 
control of the acidosis may lead to disappearance of creatine 
from the urine of the rabbit it was deemed of importance to deter- 
mine what influence is to be exerted upon the creatinuria pro- 
voked by phlorhizin upon administration of relatively large 
quantities of sodium bicarbonate. 


Methods. 


Throughout the period of investigation the dogs employed 
were allowed to fast. The animals were given subcutaneous doses 
of 1 gm. of phlorhizin dissolved in 10 ce. of olive oil on 2 suc- 
cessive days previous to the experimental period and thereafter 1 . 
gm. every alternate day. Each day was divided into two 6 hour 
periods and one 12 hour period, by catheterization. For the 
estimation of sugar the method of Benedict! was employed and 
creatine was determined according to the procedure of Graham 
and Poulton.? Sodium bicarbonate was administered by mouth 
in gelatin capsules during the 6 hour periods but was not given 
during the 12 hour periods. 

It is apparent from the data presented in Tables I and II that 
the administration of relatively large quantities of sodium bicar- 

‘ Benedict, S. R., J. Biol. Chem., 1911, ix, 57. 

? Graham, G., and Poulton, E. P., Proc. Roy. Soc., Series B, 1914, |xxxvii, 
205. 
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bonate 1s without appreciable influence upon the elimination of crea- 
tine during phlorhizin glycosuria. This is equally true whether 
the animal is in a state of complete phlorhizination or not. 
The preceding paper has shown that administration of alkali is 
much more potent in abolishing creatinuria in the early days 
of starvation than it is in the later periods of inanition, perhaps 
because of the greater difficulty of controlling the condition of 
acidosis. In the present work it is possible that the same rea- 
soning may hold also, that is, that during phlorhizin intoxica- 
tion the occasion for acid production is so great that its success- 
ful control is improbable. In line with this view stands the fact 
that the ingestion of alkali as carried through in these experiments 
seemed to have little or no influence upon the excretion of ketone 
substances judged by qualitative tests. On the other hand, it 
would seem reasonable to assume that the giving of these large 
quantities of alkali should exert at least a slight action upon 
creatine excretion if the condition of acidosis, that is, alkali de- 
pletion, is to be considered as the stimulus for the production of 
creatine. One is therefore forced to the conclusion that more 
than one factor may govern the mechanism leading to creatinuria. 
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The Influence of Alkali upon Creatine Excretion in Phlorhizin Glycosuria. 


Urine. 
Crea- 
Total N Dextrose. — D:N. 
Date. Remarks. 
4| 3 
2/2) 4 | 4 
1916 gm. | gm. gm. | mg.| mg 
June 6 4.85/20 .82/34.55; 45/100 7.12|June 4 and 5 each, 
| 1 gm. phlorhi- 
zin. 
oie: 19.83 46 6. 1 gm. phlorhizin. 
57|103 8.40)11.78' <4 NaHCoOs. 
per hr. 
5.46 21.24 63 3.90} No NaHCO; . 
14.22 39 {2 gm. NaHCO, 
3.84113 .60/27.82) 49) 88 7.24) | per hr. 
3.02 6.80 59 2.25} No NaHCQs3. 
ae 9.80 34 1 gm. phlorhizin. 
4.31/20.50/30.30) 65 7.02) {2 gm. NaHCQs3. 
per hr. 
2.07 7.90 42 3.82} No NaHCQ3. 


Urines obtained during periods of alkali administration were strongly 
alkaline. 


During the other periods urines were acid. 
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TABLE II. 


The Influence of Alkali upon Creatine Excretion in Phlorhizin Glycosuria. 


<4 


| Urine. 
| Creat- 
Total N. | Dextrose. | inine | D:N. 
Date. Remarks. 
3 
1916 gm. | gm. gm gm. | mg.| mg | mg.| mg. 
May 29 /|1.32 5.98 22 36 4.52 May 27 and 2, 1 
gm. phlorhizin. 
1.43\2.75) 5.5511.53, 20; 42) 40 76) 3.85, 4.20, May 29, no Na- 


2.27 7.87 26 90 3.47) No NasCQ;. 
1.60 6.12 17 49 3.82 (1 gm. phlorhizin. 
1.57)3.17, 5.68/11.80) 15) 32) 50, 99) 3.62) 3.72.41 “ NaHCO, 

| per hr. 

2.20 10.30 29 102 4.70); No NaHCO. 
0.98 3.56 12 51 3.62 {2 gm. NaHCO, 
1.07/2.05) 3.41) 6.97) 12) 24) 54,105) 3.18 3.40)\ per hr. 

June 1 1.48 6.62 22 83 4.48) No Na2COs. 

0.92; .| 2.64 10 36) 2.86 1 gm. phlorhizin. 
0.67)1.59; 2.00) 4.64) 8) 18) 63 2.98) “ NaHCO; 


_per hr. 


Urines obtained during periods of alkali administration were alkaline. 
During the other periods urines were acid. 
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STUDIES IN CREATINE METABOLISM. 


IV. THE RELATIONSHIP OF CREATINURIA TO CARBOHYDRATE 
METABOLISM AND ACIDOSIS. 


By FRANK P. UNDERHILL anp EMIL J. BAUMANN. 


(From the Sheffield Laboratory of Physiolozical Chemistry, Yale U niversity, 
New Haven.) 


(Received for publication, July 31, 1916.) 


In 1908 it was shown by Underhill and Kleiner! that the sub- 
cutaneous injection of hydrazine sulfate called forth, among 
other symptoms, a condition of marked creatinuria. The crea- 
tine eliminated under these circumstances was much greater 
than could be accounted for by the attendant starvation. Later 
work? demonstrated that hydrazine injections resulted invariably, 
in dogs, and occasionally in rabbits, in a state of distinct hypogly- 
cemia without the appearance in the urine of any reducing sub- 
stance and with a temporary disappearance of glycogen from the 
liver and muscles, accompanied by an increased respiratory 
quotient. Recently MacAdam‘ has called attention to the 
fact that hypoglycemia may be produced invariably in rabbits 
provided the dose of hydrazine is sufficiently large. The same 
investigator has also pointed out that there is a close association 
between the condition of hypoglycemia and creatinuria for 
“after hydrazine injection in rabbits (a) if no alteration in the 
sugar content of the blood occurs, no marked creatinuria results; 
(b) but the excretion of creatine is associated with a condition 
of hypoglycemia.’”’ From these results it would appear that 
support is afforded the current view concerning creatinuria; 
namely, that creatine in the urine is closely associated with a 
deficiency of carbohydrate in the body. | 


1 Underhill, F. P., and Kleiner, I. S., J. Biol. Chem., 1998, iv, 165. 

? Underhill, F. P., J. Biol. Chem., 1911, x, 159; also Underhill, F. P., 
and Hogan, A. G., tbid., 1915, xx, 293. 

3 Underhill, F. P., and Murlin, J. R., J. Biol. Chem., 1915, xxii, 499. 

4 MacAdam, W., Biochem. J., 1915, ix, 229. 
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As outlined in the preceding papers® creatine may find its 
way into the urine of the rabbit at least under circumstances 
which exclude the possibility of carbohydrate deficiency. On 
the other hand, the data presented in the papers to which refer- 
ence is made indicate that creatinuria is connected with a con- 
dition of acidosis jn the sense of withdrawal of base from the body. 
Acidosis and carbohydrate deficiency usually accompany one 
another, indeed the first may many times be regarded as the 
sequel of the latter. In hydrazine one has an excellent example 
of carbohydrate deficiency. The question therefore naturally 
arises, whether the creatinuria induced by hydrazine is caused 
by carbohydrate depletion or by an accompanying acidosis. 
Or must it be recognized that creatine in the urine may arise 
as a result of two entirely different types of mechanisms being 
set in motion? May creatine appear in the urine with deficiency 
of carbohydrate without acidosis and may creatinuria be present 
in conditions of acidosis with a sufficiency of carbohydrate in 
the body? The latter part of the question has already been 
answered in the affirmative by the data in the preceding papers.® 
The query whether creatine may be excreted in the urine under 
circumstances where carbohydrate depletion prevails without 
an accompanying acidosis demands an answer which it is the 
object of the present communication to furnish and for this 
purpose the creatinuria induced by hydrazine has been studied 
in the dog. 


Methods. 


Inasmuch as animals refuse to eat after hydrazine administra- 
tion it becomes essential to determine the influence of starvation 
upon the factors under discussion before proceeding to a con- 
sideration of the effect of hydrazine. Accordingly dogs were 
allowed to starve for a period of 5 days, urine being collected in 
24 hour periods by catheterization, precautions being used to 
prevent bladder infection. With these specimens of urine de- 
termination was made of the total nitrogen, the creatinine® 
nitrogen, and the creatine’ nitrogen. The sugar content of the 
blood drawn from the ear vein was estimated by the method of 


§ Underhill, J. Biol. Chem., 1916, xxvi, 127, 141, 147. 
6 Folin’s method. 
7 Benedict and Myers’ method. 
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Benedict and Lewis.’ Following the period of inanition the 
dogs were well fed on a mixed diet over a period sufficient to 
allow them to regain their normal body weight. At this time 
they were given subcutaneous injections of hydrazine sulfate 
in the dosage of 50 mg. per kilo body weight and estimations 
were made upon the urine and blood as detailed above, except 
that 12 hour periods were employed instead of 24 hour periods. 
This was done especially for the purpose of correlating more 
closely changes in blood sugar and creatine of the urine. Where 
determinations of the hydrogen ion concentration of the urine 
were carried through the procedure of Henderson and Palmer? 
was employed. 

The data in Tables I, II, III, and IV show very clearly that 
hydrazine induces a marked creatinuria which is far in excess 
of that provoked by starvation. The appearance of creatine in 
the urine in significant amounts is coincident with the period of 
hypoglycemia. With the return of blood sugar to normal crea- 
tinuria falls in general, in one instance to the starvation level. 
It is evident then that creatinuria and hypoglycemia are closely 
associated and it is probable that the appearance in the urine of 
creatine is dependent upon the hypoglycemia. It is also to be 
noted that the total nitrogen of the urine during the hydrazine 
period is markedly higher than with simple inanition. From 


this one might query whether the creatine was derived from. 


tissue disintegration induced by the condition of hypoglycemia. 

Hypoglycemia after hydrazine intoxication is not associated 
with the appearance in the urine of any of the typical compounds 
usually connected with the term acidosis, as ketone substances, 
lactic acid, etc. This has been demonstrated by Underhill and 
Kleiner! and by MacAdam.‘ It became of interest therefore to 
determine the hydrogen ion concentration of the urine as an 
index to the changes taking place in the body with regard to 
the acid-base equilibrium. In the dog this is exceedingly diffi- 
cult of accomplishment where catheterization is practiced, owing 
to the fact that error is likely to be introduced in the interpreta- 
tion of the results. For example, if the urine showed a change 
from an acid to an alkaline reaction it would be difficult to de- 
termine convincingly whether the change had occurred in the 


8 Lewis, R. C., and Benedict, S. R., J. Biol. Chem., 1915, xx, 61. 
* Henderson, L. J., and Palmer, W. W., J. Biol. Chem., 1912-13, xiii, 393. 
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bladder or elsewhere. Again, in order to insure freedom from 
bladder infection it is customary in this laboratory to allow a 
few ce. of boric acid to remain in the bladder after catheterization. 
It became necessary, therefore, to determine the hydrogen ion 
concentration upon samples which had been voided spontaneously. 
The results of such a study first during a preliminary starvation 
period and then after hydrazine administration are given in 
Table V. In general, during the period of inanition the urine 
became progressively more acid whereas in the hydrazine period 
the distinctly acid urine voided at the beginning of the period showed 
a marked temporary change to alkalinity followed by a resumption 
of the acidity. The decrease in hydrogen ion concentration 
corresponds well with the period of low blood sugar as determined 
by previous investigations since hypoglycemia obtains first from 
the 36th to the 48th hour after administration of hydrazine and 
persists for less than 48 hours. The alkalinity of the urine was 
undoubtedly due to the presence of a carbonate since on acidi- 
fication carbon dioxide was given off. 

These results make it evident that in hydrazine intoxication 
the increased creatinuria cannot be ascribed to a condition of 
marked acidosis. Taken in connection with the data already 
reported they also lead to the conclusion that in the consideration 
of the cause of creatinuria at least two types of factors may be 
potent. In the first place creatine may appear in the urine in 
conditions of acidosis where the question of carbohydrate de- 
ficiency is not involved, and secondly, a marked creatinuria 
may be induced during carbohydrate deficiency even when acido- 
sis is absent. <A glance at Tables I to IV will reveal one other 
characteristic effect of hydrazine; namely, a noticeably increased 
output of nitrogen when comparison is made with corresponding 
figures for the period of simple starvation. Will this increased 
nitrogen output indicating tissue disintegration account for the 
augmented creatine excretion? 

The observations here presented repeat once again the relation- 
ship existing between a state of alkalos:s and blood sugar con- 
tent. A previous communication’ has demonstrated that intro- 
duction of alkali into rabbits may at times appreciably lower 
blood sugar content. After thyreoparathyroidectomy" in dogs 


10 Underhill, J. Biol. Chem., 1916, xxv, 463. 
'! Underhill, F. P. and Blatherwick, N. R., J. Biol. Chem., 1914, xviii, 87. 
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blood sugar may fall markedly and at this period a condition of 
alkalosis’? exists. 


that the same state is present. 


With hydrazine hypoglycemia it is probable 


It is apparent therefore that 
there 1s a close relationship between blood sugar content and the 
acid-base equilibrium in the body. 


| TABLE I. 
The Influence of Hydrazine upon the Excretion of Creatine. 
Urine. 
Total N. Tine N. | tine N. | nine N.| tine N 
Starvation period. 
1916 kg.| gm. | gm.'|mg.| mg.| mg. 
May 2 (|7.5 4.29 43 3 1.0 0.07'0.096| Bitch of 7.5 
ee 1.96 44 3 2.0 0.150.096) kilos. Last 
oe 2.40 36 4 1.5 0.17/0.103' meal 24 hrs. 
2:22 44 3 2.0 0.140.102; previous’ to 
6 {6.9 2.22 43 4 2.0 0.18|0.094; beginning of 
experiment. 
Hydrazine period. 
May 15 |7.7/0.53 8 12 4 2.3 0.1071 Animal well fed 
1.42/1.95} 20) 28) 14) 26)1.4)1.4/1.0) 1.3)0.123} on mixed diet 
from May 7 
to 14. 
‘16 |7.2)1.40 20 23 1.4 1.6 0.113) May 15, 9 a.m., 
1.98/3.38} 25) 45} 39) 62)1.3/1.3)2.0) 1.810.135) subcutaneous 
‘17 |7.1/2.05 28 33 1.4 1.6 0.078; injection’ of 
1.88|3.93} 29) 57) 35, 1.710.109; hydrazine sul- 
“18 |7.0)2.01} 23 35 1.2 |0.107| fate, 50 mg. 
1.06/3.07| 20} 43) 38} 73/1.9/1.4|3.6) 2.4 per kilo. No 
19 16.80.99 18) 20 1.8} {2.0 food after in- 
0.85})1.84] 19) 37) 11) 31)2.2)2.0)1.3) 1.7|0.100; jection. 


2 Wilson, D. W., Stearns, T., and Thurlow, M. D., J. Biol. Chem., 1915, 
xxii, 100. 
xviil, 123. 


Wilson, D. W., Stearns, T., and Janney, J. H., Jr., 7bid., 19158, 
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TABLE II. 


The Influence of Hydrazine upon the Excretion of Creatine. 


| Urine. | | 
- | Creati- | Crea- Creati- | Crea- | 
Total N. | nine N.| tine N. | nine N | tine N 
21 
fi 
Starvation period. 
| ng, | Per | per, pr | per 
19165 kg. | gm. | mg. mg.| mg. “Cent cent cent! cent | cent 


0.15 Bitch of 16 


5. 
9/15.1| |3.82| |196 7, |5.1) | 0.20.14, kilos. Last 
“ 1014.8) [2.98 205, | 5 68 0.10.13, meal 24 hrs. 
11)/14.6 2.48 (174 10° 7.0 0.40.14 previous to 
|2.25) |154) 7 68 1.60.11, beginning of 
| | | | | | | | experiment. 


0.3 0.15 Animal well fed 
2.90. 5 0.40.12 on mixed diet 
2. 2} 0.06 from Nov. 13 

2. 42. 3 2.2:0.04' to Dec. 5. 
i. 0 0.11 Dec. 6, 9 a.m., 
1.10.16 subcutaneous 
2.0) 0.11 injection of hy- 
3 0.12 drazine sul- 
9 (0.12 fate, 50 mg. 


158) 17) 25 


191) 98 176.2. 


— 
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S6 

8.36 64 150 122 216 1. 


1013.54.55 155, 86 
| 


ba 
a 
| N 
» 
wy Hydrazine period. 
4 
Dec. 615.1 
(14.2) 
| 
Q 13 Q) 
| 
an 
45 
| 
a 


Ton) 


Remarks. 


Creatine 
N. 


‘porsod 


‘potad "14 $2 


Creati- 


TABLE III. 


Crea- 


Urine. 


‘poted 


nine N. | tine N. | nine N. 


Creati- 


Z] 


Total N. 


F. P. Underhill and E. J. Baumann 


‘ported 


The Influence of Hydrazine upon the Excretion of Creatine. 


Apog 


of 


previous 
1.44/3.12| 24) 50} 9) 37)1.6)1.6)0.6 |1.2 |0.12) hydrazine sul- 


fate, 50mg. per 


subcutaneous 
4\2.2}2.0:0.1 |0.12| kilo. 


experiment. 


injection 


0.11) Bitch of 6.2 kilos. 


0.12} from Nov. 21 
0.03} Jan. 31, 9 a.m. 


0.12;/Animal well fed 
2. 26/3 .93| 25) 47) £7) 41)1.1)1.2)1.2 |1.0 (0.08) until Jan. 30. 


1.89|3.22) 24; 49} 9) 9/1.2)1.5)0.4 [0.2 |0.13; on mixed diet 


per 
cent 


0.13 
0.12 


| 


0.4 |0.12)} Last meal 24 


0.1 {0.13} hrs. 


per 
cent|cent| cent | cent 


0.05)0.12) to beginning of 


0.1 (0.11 


0.1 


per 
1.1 

2.10)4.10| 27} 52) 22) 46)1.2)1.2/1.0 {1.1 |0.04 
1.7 


0.05 


0.8 
0.2 


per 


per 


1.8 
1.3 
1.2 
1.5 
1.8 
2.3 


14 
3 
] 


28 


24 


Hydrazine period. 


Starvation period. 


25) 49/0.6 


25 
22 
25 
26 
23 


1.15}2.43) 26) 49 


gm. | mg.| mg.| mg.| mg. 


kg. | gm. 


1} 5.8|1.67 
2} 5.7/2.00 
3} 5.7|1.68 
4) 5.6)1.28 
5} 5.5}1.05 


1918 
1916 
Jan. 31) 6.3/1.33 


Feb. 
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TABLE IV. 
The Influence of Hydravine upon the Ercretion of Creatine. 


| | Urine. | | 
a Creati- | Crea-  Creati- Creatine 
Total N. | nine N. tine N. | nine N N 
| | om oie fa i da ake £3 x 
Starvation period. 
| | | per: per | 
1916 kg.) gm. | mg. ™9-\ nent cent cent | cent cent 
| 
May 26.4 2.16; | 40) 11.9; 0 Biteh of 6.4 
2.88 | 44 6h. 0.070.088 kilos. Last 
| 50} 12) 0.660.094, meal 24 hrs. 
55.9 | 17 0.950.092 previous to 
1.90 58 15 (2.8  .0 800 089 beginning of 
| | | experiment. 


Hydrazine period. 


j 


May 12/6.61.09; 18 3, (1.65 028 0.11 Animal well fed 
1.492.458) 20, 38, 11 141.31.507405 on mixed diet 
 1€/6.1/1.10 18 12 41.6 11 from May 7 to 
1.20/2.30) 18) 36 42) 541.51.63.5 23 0.140 14. Last meal 
“  17/5.9/1.51 23 7} 41.5) [2.4; (0.079 on May 14. 
1.55)3 06) 24 47) 36) 73)1.5/1.52.3 2.4 0.102) May 15, 9a.m.. 
 18)5.8)1.45 18 28 1.2 11.9 | 0.099 subcutaneous 
0.989 43) 16 34 35, 631.61.43.6 26 iniection 
1915.80.89 24 29} (2.7, (0.098 hydrazine sul- 
0.84), 73) 20) 44) 332.4250 481.9. fate, 50° mg. 
20/5.8/0.83 18 12} |2.2) (1.4! (0.098 per kilo. No 
| food after in- 

| jection. 
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TABLE V. 


The Influence of Starvation and of Hydrazine upon the Hydrogen Lon Con- 
centration of the Urine. 


Dog 9. Dog 10. 


Date. Time of | Pu. Time of | 
micturition. | H micturition. 


Starvation period. Last meal May 8, 10 a.m. 


6 p.m. 
9 a.m. 
10 

p.m. 
9 a.m. 
p.m. 
9 a.m. 


~ 


3 p.m. 


SSSESESE 


Hvdrazine period. May 25, subcutaneous injection of 59 mg. per kilo 
hydrazine sulfate. 


10 9 a.m. 6.15 
10 12 m. | 6.30 
40 5 p.m. 
10 a.m. 


May 26 9 a.m. 
27 10 
p.m. 
~ 9 a.m. 
3 p.m. 
9g be 
9 a.m. 


Or or 


50 9 a.m. 7.38 
9 p.m. 6.00 
@& 9 a.m. 5.70 


SUMMARY. 


The subcutaneous administration of hydrazine to dogs induces 
a marked creatinuria which in general closely parallels the period 
of hypoglycemia provoked. These observations corroborate the 
results of previous investigations. 

During the period of hypoglycemia and most marked creatin- 
uria the hydrogen ion concentration of the urine is greatly de- 
pressed—even to the point of marked alkalinity. The alkalinity 
is probably due to the presence of carbonates. 

The relationship of hypoglycemia and alkalosis again emphasizes 
the significance of acid-base equilibrium in the regulation of the 
blood sugar content. 
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The results here presented make it evident that creatine 
elimination in the urine may be induced by at least two differ- 
ent sets of conditions (1) creatine may appear in the urine in 
states of acidosis where carbohydrate deficiency is not involved 
and (2) creatinuria may be present during carbohydrate defi- 
ciency even in the absence of acidosis. 
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ALTERATIONS IN THE OUTPUT OF CERTAIN URINARY 
CONSTITUENTS AS DETERMINED BY CHANGES 
IN THE CHARACTER OF THE DIET. 


By FRANK P. UNDERHILL anp L. JEAN BOGERT. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University. 
New Haven.) 


(Received for publication, July 31, 1916.) 


Changes in the character of the diet may induce the appear- 
ance of creatine in the urine or may cause it to disappear there- 
from. Rabbits fed upon a mixture of corn and oats excrete 
creatine in the urine. A carrot diet causes the urinary creatine 
to disappear. The character of the protein of the diet plays 
little or no réle since the urine eliminated by rabbits upon a 
mixture of corn, oats, and carrots remains creatine-free. By 
the addition of hydrochloric acid to the mixed diet creatinuria 
is induced. Since corn and oats are acid-producing foods and 
carrots are base producers, the facts noted above with respect 
to the appearance or abolishment of creatinuria have been ex- 
plained by the hypothesis that a condition of acidosis, in the sense 
of base withdrawal from the body, is responsible for the appear- 
ance of creatine in the urine. This condition may be abolished 
or prevented by the ingestion of base-producing foods, like carrots. 

In view of these facts it seemed desirable to determine whether 
changing the character of the diet in the manner indicated above 
would effect alterations in the output of other urinary constit- 
uents, consideration of course being given to the differences 
in intake of various components of the diet. This attempt 
forms the subject of the present paper, the results obtained be- 
ing detailed in the tables appended. 
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162 Alterations in Urinary Constituents 


Methods. 


The urine was divided into 24 hour periods by expressing it 
from the bladder by pressure through the abdominal wall. Total 
nitrogen in the urine was estimated by the Kjeldahl method; cre- 
atinine by the Folin method; creatine according to Benedict and 
Myers; hydrogen ion concentration by the procedure of Hender- 
son and Palmer; ammonia by the Folin aeration method; phos- 
phorus by titration with uranium nitrate; and calcium according 
to McCrudden. Phosphorus in the food was estimated by the 
Neumann method. The ‘‘grain diet’’ consisted of 50 gm. cracked 
corn and 50 gm. oats. The “carrot diet’? contained 500 gm. 
fresh carrots. The “‘mixed diet’’ consisted of 25 gm. cracked 
corn, 25 gm. oats, and 250 gm. carrots. During the acid period, 
hydrochloric acid was administered by stomach tube twice daily 
at intervals of 8 hours in the dosage of 50 cc. 0.25nN HCl. The 
variations in the intake of nitrogen and phosphorus on the grain 
diet are due to the variable amounts of food actually ingested. 

The one striking feature of the experiments may be seen by 
inspection of the tables relative to the grain diet. Compared 
with the intake the urinary phosphorus output is very large. Dur- 
ing no other period did this condition obtain. Inasmuch as 
at this interval the hydrogen ion concentration of the urine was 
greatest it is probable that the excessive elimination of phos- 
phorus in this instance at least may be accepted -as a means 
through which the rabbit regulates the acid-base equilibrium of 
the organism. Ammonia plays little rédle here apparently for 
in no case was there a significant excretion of this constituent 
during the grain period. On the other hand, the elimination 
of ammonia in the rabbit is very difficult of interpretation for 
although the ammonia output in Rabbits 2 and 3 was negligible 
throughout irrespective of the character of the diet significant 
quantities of ammonia were excreted through the kidney by Rab- 
bit 1, even though a base-producing diet was fed. The output 
was greatest when hydrochloric acid was administered although 
not much greater than that observed without added acid. With 
Rabbit 4 ammonia excretion was markedly increased only dur- 
ing the period of hydrochloric acid feeding. It is probable, 
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then, that ammonia may play a part in the acid-base equilibrium 
of the body under certain conditions but the exact circumstances 
which allow or prevent this type of regulation in this manner 
remain to be determined. 

Urinary calcium output seems to be so variable under the 
experimental conditions that no conclusion regarding the sig- 
nificance of this element seems Justified. 

There is the same parallelism between creatine output and 
hydrogen ion concentration of the urine observed in previous 
papers from this laboratory upon the subject. 

The experiments demonstrate beyond doubt that the excre- 
tion of creatine during the grain diet cannot be explained by 
insufficiency of food intake since in all instances the animals 
were undoubtedly in nitrogen equilibrium as indicated by the 
probable positive nitrogen balance. During the carrot diet, 
on the other hand, a negative nitrogen balance is always in order; 
but creatinuria does not develop, hence it is evident that the 
creatinuria observed upon the grain diet cannot be explained 
by food insufficiency. 

The tables follow. 
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TABLE lI. 
Rabbit 1, Male, 2,360 Gm., Weight April 14. 2,339 Gm. 
theod).| Urias. 
é 

1916 mg. mg. cc.| 10— mg. mg. | mg. mg. mg. | mg. 
Mar. 30 | Mixed. | 1,115) 180/145| 41 77) ©O (9.27) 134! 15 
“ 31 | Grain. | 1,060 84 60) 32, 920, 0| 147) 27 |4.70 201) 10 
April 1 1,060 84 43° 43° 806 O| 124) 37 164 6 
1,060 8440 48, 786 O| 115) 56 [4.90 151) 6 
1,364 108) 34; 60! 830) 5 | 104) 38 [4.90 6 
“4 1,288, 102} 33, 55, 800) 0| 97| 44 |4.90, 142) 11 
9541 33| 50, 81) 44 15.30) 138] 9 
Average 1,131; 89 41/1.044 850 1 | 111) 41 |4.90 157; 
April 6 | Carrot. | 715) 240/160; 81) 34 9.27 91) 8 
715| 240/385, 14 1,102) 20! 108, 0 9.27) 93) 
715| 240354 16 1,092: 97 10 
Average 240'299'1.016) 1,008/ 12 | 93) 11 93 8 
April 9 | Mixed. | 1,115) 180160) 20  699\ 31| 68 0 8.70 64 18 
“ 40 1,115 0 8.70 47) 25 
: 
Average 1,115, 180,155)1.020' 741) 34) 76 O 8.70) 55 16 
April 11 | Mixed | 1,115) 1801238! 49| 84 48 8.00 66 18 

| +HCl. 

“42 1,115) 180240) 11, 727/40! 91) 51 (7.38 80 17 
43 1,115} 180,190} 30) 658) 31 | 95, 28 |6.90| 60, 10 
Average 1,115; 180/222:'1.017; 702; 40 | 90° 42 '7.42) 68 15 
April 14 | Carrot. | 715) 240/300) 21, 776) 18 | 122) 0 9.27 7 
45 240/390 14 1,176) 45 | 120 0 9.27) 127) 16 
715) 240332/ 14 1,155! 102. 0 9.27) 120 11 
Average 240/340/1.016 1,035, 25 114 0 9.27) 105) 11 
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TABLE II. 


Rabbit 2, Male, 3,429 Gm., Weight April 14, 3,109 Gm. 
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Date. 


Diet. 


Intake (food). 


Urine. 


Phosphorus. 


Mixed. 


3 
> 


31 
April 1 


Grain. 


| 8 | Volume. 


Average 


April 6 


Carrot. 


Average 


April 9 
10 


Mixed. 


éé 


Average 


Apri Il 


12 
13 


Mixed 
+HCl. 


Ave 


Creatinine. 


| Creatine. 


3 


Phosphorus. 


| Calcium. 


3 
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= 
1916 | mg. | 1.0— mg. mg. | mg. : | | . 
Mar. 30 1,115 | 17| 1,379) 0) 9.27) 188) 32 
1.000 20 699} 0| 95 155) 28 
1,060] 84] 47) 386) 0 70 | 85] 7 
1,060} 84/190/ 22) 1,675) 3 | 190 18 
1,060} 84) 673) 6 97 | 125] 20 
1,060} 84/142) 16 1,159} 0 | 122 27 
833, 66110) 13) 913; 
| — 1,022 81)110)1.018 917; 1 | 115 
240|285| 10} 1,381) 15 | 142 
715 240 394) 12) 1,142; 
“ 715 15| 1,679) 0 | 146 
| | 
| 715 1,400) 5 | 127 8.65 
1115 180 214 20) 0 | 106) 8.70 
1,115] 180/156; 18) 843 108| S.70; 
| | 
1,115] 180/185 1.019 921) 0 | 107) 8.70 
| 12 1,513 | 187) 179) 
g | | ae | | | | 
| = 1,115] 12) 1,218, 3 | 188] 
| 1,115] 180174) 37) 1,166) 3 | 125 168 
| | 1,115) 1802641.020, 1,299, 2 147) 178 = 
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TABLE ITI. 
Rabbit 3, Male, 2,320 Gm., Weight April 11, 2,280 Gm. 
Intake (food). Urine. 
be, 
£8 
1916 ce. | 1.0— mg. | mg. | mg. 
Mar. 30 | Mixed. 20 8 | 85 O 
“31 «Grain. 60; 26 0; 101; O 
April 1 53} 33 3} 108; 8 
2 54; 34 0; 101; 8 
3 59; 30 0 | 113) 14 
4 63} 23 1 | 84 23 
5 645 27 0} 81) 39 
Average 1.029 0.6) 98 
April 6 | Carrot. 17 1| 96 O 
7 15 0; 108 O 
8 17 0; 100; O 
Average 1.018 0.3, 101 0 
April 9 | Mixed. 17 0; 90; O 
17 0; 101' O 
Average 1.017 0; 95 O 
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TABLE IV. 
Rabbit 4, Male, 1,980 Gm., Weight April 11, 2,080 Gm. 


Intake (food | Urine. 

3 es Z, > | 

2 13/12/86) 2 8 

1916 mg. mg. | cc. | 1.0— mg. mg. | mg. | mg. mg. 
Mar. 30 | Mixed. 1,115} 180)155 18 546} 0 82; 0O 19.27) 81 
31 | Grain. 1,060; 84 45 35 768; O 90; O 18.70; 134 
April 1 1,060; 84) 28 50 454; 81; |6.30) 99 
2 1,060} 84) 25 55 4 95} 6 16.00) 109 
3 1,060; 84! 40 47 695} 16 140 
4 ” 60} 40 47 763] 2 22 (5.70) 157 

5 7o¢| 60) 41 43 662! O 62} 22 |5.70) 138 
Average 959; 76) 36/1.046) 647) 77; 11 |6.28) 129 


April 6 | Carrot. 715} 240/270; 12) 1,010; 5 | 101) 13 (9.27; 80 
7 715} 240/402} 13) 985) 31 86) O 95 
8 715) 240/380} 15) 759| O| 73) O 72 

Average 715| 240/350/1.013 918] 3] 87| 4 |8.89| 82 

April 9 | Mixed. | 1,115) 180/158 20 736) 5 75| O 18.70) 76 
1,115} 180)158; 6388; 7 81) O'|8.70) 76 
Average 1,115) 180)158)1.019} 687) 6 | 78; 76 

April 11 | Mixed 1,115} 180/262) 12; 794) 12 {| O {7.48} 115 
+HCl.| 1,115} 180)206 21} 1,108} 25 7| 73 |5.30) 141 


| |catcium 


or 
te 


Average | 1,115) 180)234)1.016) 951 


SUMMARY. 


Upon a diet of corn and oats the output of phosphorus in the 
urine of rabbits is far in excess of the intake of this element in 
the food. Since the hydrogen ion concentration of the urine 
is very high under these circumstances the great excess of phos- 
phoric acid in the urine may be regarded as a method of regulat- 
ing acid-base equilibrium in the body of the rabbit. 
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Ammonia excretion is variable under changing conditions of 
diet, and although it appears that this base may function as a 
neutralizing agent at times, further experiments are necessary 
before the laws of ammonia excretion in the rabbit can be 
formulated. 

Calcium elimination is too variable to justify inferences be- 
ing drawn under the experimental conditions. 

The results obtained indicate that the creatinuria observed 
upon a grain diet cannot be explained upon the hypothesis of 
food insufficiency. | 
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THE INTERRELATIONS OF BLOOD FAT AND BLOOD 
SUGAR CONTENT OF DOGS UNDER THE 
INFLUENCE OF HYDRAZINE. 


By FRANK P. UNDERHILL ano EMIL J. BAUMANN. 


‘From the Sheffield Laboratory of Physiological Chemistry. Yale University, 
New Haven.) 


(Received for publication, July 31, 1916.) 


The metabolism of carbohydrate and that of fat are closely 
associated and interdependent. This relationship is more evi- 
dent under conditions of abnormal metabolic activity than 
it is when the nutritive rhythm remains undisturbed. The most 
striking instances of the interrelationships of fat and carbo- 
hydrate in metabolism are to be observed in the pathological 
states induced by intoxication with phosphorus, phlorhizin, 
and hydrazine, and in alcoholism and diabetes, which are char- 
acterized by the so called ‘‘fatty”’ livers.'. In general a ‘“‘fatty”’ 
liver is associated with a deficiency of carbohydrate in that or- 
gan. The ‘“‘sugar-hungry cells” attract fat to themselves in much 
greater quantity than they can burn it. This implies trans- 
port of fat through the blood stream. Under ordinary nutritive 
circumstances the fat content of dogs is quite constant for the 
individual and for the species, which indicates an efficient regu- 
lation.2 The blood fat content therefore may be regarded as 
one of the body constants like the blood sugar content; and 
like it is subject to deviation by a variety of agencies. The 
factors which are potent in causing changes in blood fat content 
have not been sufficiently studied to correlate them with those 
which are effective in producing alterations in blood sugar content. 

It has been demonstrated repeatedly that administration of 


‘ For a discussion of the subject see Rosenfeld, Ergebn. Physiol., 1902, 
i, 651; 1993, 11, 50. 

? Mandel, A. R., and Lusk, G., Am. J. Physiol., 1996, xvi, 129. 

3 Bloor, W. R., J. Biol. Chem., 1914, xix, 1. 
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170 Blood Fat and Blood Sugar 


hydrazine to dogs causes low blood sugar content, loss of glyco- 
gen from both the liver and muscles, and induces a ‘“‘fatty’’ 
liver. The ‘fatty’? liver presupposes fat infiltration with a 
consequent transport through the blood stream. Is the ‘‘fatty”’ 
liver produced by the storage of fat from the blood, the amount 
of fat in the latter remaining unchanged, or is there an actual 
increase of the fat of the blood during hydrazine intoxication? 
If blood fat is augmented under these circumstances does it 
bear any relation to blood sugar content? ‘These are questions 
which seem of fundamental importance in a consideration of the 
mechanism of blood fat regulation. They form the subject 
of the present investigation. , 


Methods. 


Dogs under the influence of hydrazine refuse food or fail to 
retuin it. Hence a fasting condition is inevitable in hydrazine 
experimentation. Results obtained by the action of this poison 
should therefore be interpreted with respect to the effects pro- 
duced by fasting alone. Accordingly dogs were fasted for 
periods of 6 days, determinations of the blood fat and blood 
sugar being made daily upon samples obtained from a marginal 
ear vein. Blood fat was estimated by the method of Bloor 
with a Richards nephelometer. Blood sugar content was de- 
termined in part by the procedure of Forschbach and Severin 
and in part by that of Benedict and Lewis. Subsequent to the 
fasting period the animals were well fed with mixed diets 
for varying intervals and were then given subcutaneous injec- 
tions of hydrazine sulfate in the dosage of 50 mg. per kilo 
body weight. Blood fat and blood sugar content were then 
determined as in the fasting period except that the estima- 
tions were carried through at 12 hour intervals. 

The results obtained with five dogs are presented in the table. 
During the fasting period there is a general tendency for 
blood fat content to diminish in the first days of inanition. This 
decrease is followed by an augmentation of the blood fat some- 
what beyond the initial value. The outcome of these experi- 
ments is somewhat different from that of Bloor who found either 


‘Bloor, J. Biol. Chem., 1915, xxiii, 317. 
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an increase of blood fat at first followed by a decrease, or else 
there was no increase.*? Our animals were taken at random 
but were all in a well fed condition. The agreement in blood 
fat of the different animals is fairly close and tends to confirm 
Bloor’s statement that blood fat is quite constant for the species. 
There seems to be little or no relation between blood fat and 
blood sugar content during the period of starvation studied. 

In the hydrazine period blood fat shows an increase to a mazi- 
mum which is coincident with the condition of hypoglycemia in- 
duced by hydrazine. As blood sugar content regains the normal, 
blood fat assumes a value approximating that of the fasting 
period. 

Whether blood sugar content regulates the blood fat or whether 
both sugar and fat in the blood are controlled by some other 
mechanism must be determined by future investigation. 


SUMMARY. 


In the first days of fasting there is a tendency for the blood 
fat of dogs to be decreased. This period is followed by one in 
which there is an increase of fat content to approximately the 
initial value. 

There seems to be little or no relation between blood fat and 
blood sugar content during the interval of inanition studied. 

In hydrazine poisoning blood fat is markedly increased, the mazi- 
mum being coincident with the condition of hypoglycemia charac- 
teristic of hydrazine. Blood fat returns to the fasting value 
as the sugar of the blood regains the normal. 
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THE NUTRITIVE VALUE OF YEAST, POLISHED RICE, 
AND WHITE BREAD, AS DETERMINED 
BY EXPERIMENTS ON MAN. 


By CASIMIR FUNK, W. G. LYLE, ann DONALD McCASKEY. 
IN COOPERATION WITH JOSEPH CASPE AND JOSEPH POKLOP. 


(From the Harriman Research Laboratory and the Huntington Fund, Memo- 
rial Hospital and Loomis Laboratory, New York.) 


(Received for publication, August 3, 1915.) 


Heretofore the vitamines in foods have been disregarded in all 
nutrition experiments on man. 

The experiments performed on four normal men, as described 
in this paper, were undertaken with the view to determining pri- 
marily the food value of a vitamine-free diet as compared with 
one containing vitamines. It was found, however, that to insure 
reliable results the experiment should be carried over a much 
longer period of time than we were able to devote to it, but as 
metabolism experiments on man fed on a diet of such simple com- 
position, and under such exact conditions, are so unusual this 
contribution may be of value. A survey of the work of the past 
20 years was covered during this experiment, and we find, where 
the problem of a protein minimum is considered, that there are 
two distinct theories. | 

Abderhalden (1) and his school claim that, as the composition 
of the body, and especially of the blood proteins, is so different 
from food proteins, the best protein minimum can be obtained 
by feeding proteins of the same species. 

Hindhede (2), on the contrary, was able to show that when using 
potatoes as practically the only food, 1 gm. of the absorbed po- 
tato nitrogen is equivalent to 1 gm. of body nitrogen. The ex- 
periments of the latter author are carried over such a long period 
that they can be regarded as entirely conclusive. One cause of 
discrepancy of opinions on this question is that the importance 
of vitamines in metabolism has been overlooked in most of the 
more recent experiments. It was pointed out some time ago by 
one of us (3) that when vitamines are absent in the food mixture, 
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all animal organisms supplied with a complete food, especially 
as regards all the necessary amino-acids, will in spite of this come 
into a negative balance if the experiment is conducted sufficiently 
long. Hardly any workers in the field of metabolism have real- 
ized the importance of this vitamine factor, and some of the 
conclusions as to the adequacy of proteins or protein mixtures 
may be erroneously attributed to the incompleteness of the pro- 
tein. In numerous metabolism experiments on dogs Abderhal- 
den (1) and his school have disregarded the vitamine factor en- 
tirely. They often compare a food containing artificially digested 
meat and vitamines with a food mixture deficient in these latter 
ingredients. Hindhede (4), on the contrary, takes this vitamine 
factor into account and gives a potato diet on which no deficiency 
diseases occur (5). Studying the earlier literature on protein 
minimum we find that the work of Munk (6) and of Rosenheim 
(7) gives a typical illustration of the point we wish to emphasize. 
Dogs which they used in their experiments were given both rice 
and meat powder, but they overlooked the fact that the greater 
part of the vitamines was lost by drying and heating. The 
authors gradually decreased the meat in the diet and replaced it 
by more carbohydrates in the form of rice. As the result of this 
procedure the dogs showed a negative nitrogen balance and 
some of them died of the effects described by Schaumann (8) 
when he fed them on extracted meat; the others recovered when 
fresh meat was added. | 

We know now through the work of one of us (9) and of Brad- 
don and Cooper (10) that the amount of carbohydrates in the 
diet cannot be increased indiscriminately, as a certain amount 
of vitamine can take care of only a limited amount of carbohy- 
drates. In other words, there must be a fixed ratio between the 
vitamine content and the carbohydrate. If this ratio is de- 
stroyed, disordered nutrition of the tissue cell occurs. The con- 
clusions of Munk and Rosenheim that dogs require a large supply. 
of protein are erroneous, as some years ago Funk performed 
metabolism experiments in which dogs were readily brought into 
nitrogen equilibrium with meat powder or milk powder, while 
difficulties were encountered when they were fed on edestin 
or gliadin. In one of the experiments of Abderhalden and Funk 
(11), where comparative studies were made as to the value of 
edestin and gliadin, a great number of the dogs died. In one case a 
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nitrogen equilibrium was established for a short period with 
gliadin but, notwithstanding, the dog steadily lost weight. We 
do not wish to minimize the importancé of aromatic amino-acids, 
cystine, trytophane, and lysine, but we wish to point out that 
many of the experiments on the necessity of certain amino-acids 
should be repeated by taking the vitamine factor into account. 

In studies on protein minimum this latter condition should 
also receive consideration. In a recent paper of Abderhalden, 
Fodor, and Rése (12) we find a comparative study of the food 
value of potatoes as compared with whole bread and white bread. 
The protein minimum was lowest in the case of potatoes (4.5 gm. 
nitrogen), higher with whole meal bread (7.0 gm. nitrogen), and 
still higher with white bread (9.+ gm. nitrogen), a possible rea- 
son being that the white bread was deficient in vitamines.! 


EXPERIMENTAL. 


Four of the members of the laboratory staff volunteered their 
services in the feeding experiments with yeast, white rice, and 
bread, and continued their duties during the whole experimental 
period. Our diet before the experiment was of normal variety 
and quantity, in contrast to former investigations, in which 
the subjects even before the experiment were accustomed to eat 
food without change or variety. The attempt was made to live 
on yeast? as the only source of nitrogen. During the preliminary 
period the amount of nitrogen in the excreta was studied under 
normal dietary conditions. The necessary amount of calories 
was then supplied in the form of fruit and vegetables. These 
were chosen to contain the minimum amount of nitrogen and a 
still smaller amount of protein nitrogen. 

Although yeast has been extensively used for feeding cattle for 
a number of years, its use for human consumption has been sug- 
gested only recently in Germany, owing to the scarcity of meat. 
As a meat substitute it was strongly recommended by Schottelius 
(13), who has used it in quantities of 50 to 75 gm. daily in addi- 
tion to the ordinary diet, and he claims that it is well utilized in 


1 Averages in feces were: On potatoes 0.4 to 0.7 gm. nitrogen, in whole 
meal bread 1.6 to 1.9, and in the case of white bread 1.5 gm. nitrogen. 
The lower value of white bread is therefore not due to faulty assimilation. 

2 Yeast used by us was a dried anaerobic yeast preparation which was 
put at our disposal by the American Pure Yeast Company of New York. 
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the human body. Before undertaking our experiments we tried 
the availability of yeast in rats, substituting it for casein nitrogen. 
The animals, records of which will be published later, show that 
young rats can live on yeast as the sole nitrogen source for quite a 
long while, although it has not yet been proven whether they can sub- 
sist on it indefinitely. The experiment showed that yeast con- 
tains a protein apparently complete as to its composition in amino- 
acids, corroborating Neuberg’s work (14) on the proteins of yeast. 
But there was some difficulty in determining how much of the 
yeast nitrogen is represented by protein nitrogen. Neuberg, by 
a complicated method, ascertained that yeast protein somewhat 
resembles casein, and amounted in Schroeder’s yeast to 48.3 per 
cent of the total nitrogen, whereas the bottom fermentation yeast 
K, from the Institute for Brewing in Berlin, was found to contain 
only 46.3 per cent. Bokorny (15) states that yeast in a dried 
state contains 60 per cent protein. We also attempted to deter- 
mine the protein content of our yeast and found that the usual 
method of determination, as used by Stutzer, failed completely. 
This method showed that about 90 per cent of the yeast nitrogen 
was protein nitrogen. Finally, we tried to estimate the yeast 
nitrogen indireetly by determining the purine base nitrogen, and 
for this determination followed the method of Burian and Schur 
(16), hydrolyzing the yeast with dilute sulfuric acid and precip- 
itating the purine bases in an alkaline solution, with sodium bi- 
sulfite and copper sulfate, then estimating the nitrogen in the 
copper precipitate. In this way we recovered 13 per cent of 
the yeast nitrogen as purine bases, which undoubtedly was too 
low a figure. 

The literature records only a few actual metabolism experi- 
ments with yeast, one of Praussnitz and Menicanti (17), and an- 
other of Thomas (18), who, while experimenting with other food- 
stuffs, prepared a pressed yeast with butter, and used it for 3 
days. The nitrogen balance in this case was negative with over 
4 gin. of nitrogen in the form of yeast. The yeast was well ab- 
sorbed as shown by the feces nitrogen, which was rather low. 

The utilization of yeast was insufficient in our experiment 
where yeast was taken for nearly a fortnight, as the nitrogen 
content of feces was high, and in some instances undigested yeast 
was detected. With two out of four persons a practically posi- 
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tive balance was obtained for several days. The experiments 
were performed in the beginning of June, when cold weather 
prevailed and some difficulty was experienced in maintaining 
bodily heat. In spite of the small food supply there was no crav- 
ing for food. The bowels moved with regularity and no diarrhea 
occurred. ‘The bad utilization of yeast may be partially due to 
the fact that the yeast had a disagreeable taste and was un- 
pleasant to eat for any length of time. 

During the second period the diet consisted of white rice; white 
bread, and butter. We had very much less nitrogen in this form 
than Kumagawa (19), who weighed 49 kg., and took 600 gm. 
rice, 100 gm. Miso (a fermented mixture of rice and beans), 10 cc. 
soja, 600 cc. beer, 28 gm. sugar, 300 gm. of turnip-cabbage, and 
600 cc. tea, averaging 8.75 gm. nitrogen per day. Our vitamine- 
and purine-free diet was supplemented in the later period by: vita- 
mine from 50 cc. of autolyzed yeast, prepared according to the 
method of Seidell (20), using Lloyd’s reagent, a colloidal alumi- 


num silicate preparation of unknown composition. 


In one case which was kept as a control, the vitamine was 
omitted. We were unable to find that upon its addition the bal- 
ance became more positive. The reason for this may be ascribed 
to the shortness of the experiment, or to the fact that the vita- 
mine preparation, made in the above mentioned way, was not 
sufficiently active. 

An added interest in our metabolism experiments was the 
chemical examination of blood. The negative balance found is 
partially due to this, and although the nitrogen lost in this way 
was determined, it was not included in the balance, as the blood 
nitrogen is partially composed of food nitrogen already assimi- 
lated, and partially of nitrogen which would be subsequently 
eliminated through the kidney or through the intestinal tract. 
The loss, however, is added in the blood analyses. On the days of 
the chemical blood examinations, a partition of the different ni- 
trogenous constituents of the urine was also determined. This 
had been done once before in a metabolism experiment by Folin 
(21), but in his case the nitrogen intake was held to normal 
limits (about 16 gm.). In a few instances on the vitamine-free 
diet the sugar in the urine was determined by Bertrand’s method. 
Although the blood sugar was not more than usual, the urinary 
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sugar was much higher than in normally fed cases, as determined 
by the same method by Funk (22). This may be due to ali- 
mentary glycosuria following a high carbohydrate diet, or may 
be analogous to the findings of one of us with Schénborn (23) in 
pigeons, where a considerable increase in blood sugar was found 
on a rice diet. We shall soon begin to investigate this problem 
in diabetics on vitamine-free and vitam'ne-containing diets. 

The nitrogen content of foodstuffs consumed by us was deter- 
mined ‘actually in all instances. The feces at the beginning of 
the feeding experiment were marked by feeding charcoal. In 
the second period this was not necessary, as the color changed 
from brown to light yellow. On resuming a normal diet diarrhea 
developed in three out of the four cases. 


TABLE I. 

Nitrogen Contained in the Foodstuffs Consumed During the Experiment. 

. per cent per cent 
wellow. 0.31 Sweet chocolate.............. 0.071 
0.096 Tea, 3 gm. to 800 ce.......... 0.008 
Yeast vitamine, 50 cc. auto- 


Case I.—A normal vigorous man, 38 years old, weighing 78 kg. a‘ the 
beginning of the experiment. 
Diet (Gm.). 


Yeast period. 


Days. 1 2 3 4 5 6 7 8 i) 10 11 | 12 
Yeast..........| 30] 30] 50 60; 60; 60; 60; 60; 60; 60) 60) 60 
Apple .........| 482 | 482 | 480} 1,045) 514) 378) 250) 402) 293/280 
Banana........| 101 | 127 | 123 84! 74) 167) 145) 91 182)114 
Chocolate......| 21] 63] 63 63} 126} 63} 130} 63) 94 94/336 
Tea, cc.........| 300 | 300 | 600; 300) 300) 300; 900) 600) 300 600 
50} 49 25 
71; 127; 192) 161} 98} 68) 150 118 
Orange......... 110 131} 124/156 
Sauerkraut..... 100 
Tomato........ 65 
14 7 | 28 144 7 | 
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Rice and bread period. 


Date. 


4 


Tea biscuit... .. 
Butter......... 
Water, cc....... 


204 

100 

200 
3,000 


183 
50 

200 

1,776 


238 


604 


163 


87 
200 
1,031 


5 
237 


52 
200 
790 


6 


7 


237 


74 
200 
891 


238 


115 
200 
779 


10 11 


12 


98} 114)....)... 


g51| 694|....|....|... 


Metabolism Experiment, Case I. 


Date. 


N 
intake. | output. 


N in 
urine. 


N in 
feces. 


Urine. 


Feces. 


Weigh 


Bal- 


t. ance. 


Normal diet. 


gm. 


cc. 


1,700 
1,740 


gm. 


33.9 
45.0 


kg. 


79.4 


Yeast period. 


8.19)1. 


57 


820 


1,840 
1,540 
1,180 


2,120 


26.0 
21.0 
52.0 


33.7 


30.0 


25.0 


20.0 


66.0 


24.7 


—4.46 
—7.24 
—5.32 
—1.89 


—1.31 
—0.89 
—0.60 


—1.92 
+0.56 


—3.26 
—6.63 


—2.42 


Blood 


taken. 


Blood 


taken. 


Blood 


taken. 


Blood 


taken. 


Rice and bread period. 


woo 


6.77)0 
7.27)0 
4.87/0 
6.21)0 


.39}1 
.22|2 

.42)0 


18 
18 
47 


47 
47 


380 


730° 


1,450 
1,100 


24.7 


58 .0 


—0.61 
—4.37 
—4.65 
—3.64 


—2.00 
—1.05 
—2.54 
—0.15 
—1.48 


Blood 


taken. 


Blood 


taken. 
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| ie 
| | | Pere 
62 
1916 gm. gm. gm. | | | 
June | | | | 
3 11.38} 10.10/1.28 
5 10.35} 9.05/1.31 | | | 
6 | 3.60] 8.06] 6.701.36 | 78.0 | 
7 | 3.71 | 11.58) 10.95/0.63 77.4 
8 | 5.92 | 11.24} 10.61/0.63 77.4 
| 9 | 7.97| 9.86] 7.06/2.80 77.1 
10 | 7.21] 8.51) 6.79|1.72 | 1,120 | | 77.1 | 
| 11 | 7.13 | 8.02) 6.92/1.10 | 76-6 
12 | 7.34] 7.94) 6.84/1.11 | 1,350 76.6 
13 | 7.89] 9.81] 8.05)1.76 | 1,270 | | 76.6 
14 | 6.66} 6.10) 5.53/0.57 76.4 
| 15 | 6.47] 9.74} 9.1610.58 | 1,450 75.7 
16 | 6.99 | 13.62} 9.88/3.74 | 1,760 | | 75.2 
ig | 5.35 | | 76.6 | 
19 | 5.03 | 7 | 77.1 
20 | 5.47 7 76.2 | 
21 | 4.54 7 74.6 
| 
22 | 5.45 780>| | 75.0 
23 | 5.47 74.8 
24 | 5.50 660 74.5 
25 | 5.49 74.8 
26 | 5.50 400 75.9 Pe 
| 
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Urine Analysis, Case I. 


Date Ammonia. Urea. Creatinine. | Uric acid. Volume. Sugar 
June gm. gm, gm. gm. cc. gm. 
9 0.510 10.6 1.04 0.895 1,120 
12 0.504 10.6 1.57 0.90 1,350 
14 0.304 9.95 0.826 0.53 500 
16 0.790 15.4 0.890 1.32 1,760 
20 1,450 2.10 
21 0.623 7.90 1.47 0.469 1,100 1.62 
23 460 1.52 
24 660 1.78 
26 0.024 10.3 1.28 0.388 400 


Blood Analysis, Case I. 


Non-!- Cre- 

3 Date ati- | | Sugar. |COs wor} Remarks. 
4 June gm. | mg.| mg.| mg.| mg.| gm ee. 
4 9 3.26 |25.4/23.8/0.75) 4.0) 0.108} 46/55) 
12 3.30 2.0) 0.106) 47/65 | diet 
14 5.04 4.2 46|55 

16 3.22 |25.1/27.7)0.85) 5.0} 0.092) 45)54, 

21 2.87 |25.8 1.3 | 2.8) 0.090) 41 nt Rice diet 

26 2.57 |28.5)32.8)2.2 | 3.5) 0.091) 49/41 

Total loss of nitro- 
gen by bleeding.| 10.78 
July 
7 2.84 |37.8)/29.4/0.5 | 1.3}0.0744 Normal diet. 


In considering the results of the metabolism experiment in 
Case I we find that yeast was fairly well utilized in the middle of 
the first period, but later was found, tosome extent, undigested 
in the feces. However, in the period in which white rice and 
bread were given as a control for a vitamine-free diet, the 
man under experiment went more and more into nitrogen 
balance without the addition of vitamine. This might be due to 
the fact that less water was consumed in the latter part of the 
experiment. A high uric acid content occurred in the blood in 
the yeast period, and a fairly high sugar content in the urine on 
the vitamine-free diet. 
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Case II.—A normal man, 22 years old, weighing 68.4 kg. at the beginning of 


the experiment. 


Diet (Gm.). 


Yeast period. 


Days 


4 | 


5 6 


Youst. 
Apple .... 

Banana....... 
Chocolate..... 


Sauerkraut... . 
Tomato soup.. 


118 
52.5 
450 


32 


| 
| 


50; 930 


173.5 221 | 358 


30.5 94.5 


40 100 
24 32 


127 
152 


32 


62 


11 


115.5 


96 
100 
62 


5d 
73 


142 


73 


Rice and bread period. 


Water, cc..... 


Yeast,  vita- 
mine, as col- 
Icidal silica 


preparation. 


228 
100 
175 
700 


100 
175 | 


228 | 228 
100 | 100 
175 | 175 
700 700 


4.8 4.8 


228 


100 
175 
700 


4.1 


3.0 


J 


é 
~ 
* 
+. 
: 4 
4 
> 
< 
4 
3 
& & 


BEC 


= 
4 
1 eis | 7 | 8 | 9 10 | m | 12 | 13 
25 | 25 | 35 | | 55/55] 55] 55 a 
145.5] 434) 211 | 207 98) 
106.1) 155|258.5 | 91.5) 87.5 117) 
21] 84 84) 73.5 63 
Tea, cc.......}| 300 | 750) 450 600 300 | | : 
Butter........ 50 10 | 
Onion ........ 102 | | ; 
Orange........ 79 
150 |100} 100 | 
50 62) 59 62 
Sugar.........| 40 32| (24 | 
| Bread......... | oe 4 = 
| Bread.........| 228 | 228 | 228 | 208 | | 
Butter........! 100 100 | 100 | | 
Rie... ae 175 | 175 | | | 
| 700 700 | | 
; 
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Metabolism Experiment, Case II. 


Date. | | Feces Weight.| Balance. Remarks. 
Normal! diet. 
June 9m. gm. gm. gm. cc. gm. kg. 
3 16.29) 15.96' 0.33 | 1,125. 69.1 
4 16.27) 15.94 0.33 17.9 69.1 
5 14.19) 13.86 0.33 | 1,140 68.9 
Yeast period. 
6 | 4.46 | 11.25! 9.82! 1.43 900 | 23.3 | 68.4 | —7.28 
7 | 3.97} 9.02) 7.03' 1.99! 640 | 33.0} 68.2 | —3.96 
§ | 5.09 | 8.78) 6.68) 2.1 950 | 37.5 | 67.9 | —3.69 
9 | 5.77 | 8.19} 6.87} 1.32 720 67.0 | —2.42) Blood 
38.0 taken. 
10 | 5.90 | 9.33} 8.01) 1.32! 840 67.0 | —3.43 
11 | 5.90} 8.46) 7.04 1.42} | 66.4 | —2.56 
12 | 6.16 | 7.63} 6.20] 1.43 | 1,210/| | 65.7 | —1.47| Blood 
taken. 
13 | 6.25 7.61! 6.38! 1.23 40.0 65.2 | —1.36 
14 | 6.04 8.04 6.80 1.24 545 65.2 | —2.00) Blood 
taken. 
15 | 6.24! 6.73) 5.65) 1.08 600 | 65.3 | —0.49 
16 |6.10| 5.991 4.91/1.08| 575f 65.3 | +0.11) Blood 
taken. 
17 | 6.40 | 7.57} 6.59) 0.98 | 1,020) 5 | 65-8 | —1.1% 
18 | 6.77 | 6.57] 5.58} 0.99 | 1,250/ | | 65.3 | +0.2 
Rice and bread period. ; 
19 | 5.07 | 7.68) 6.80) 0.88 | 800 | Feces 65.0 | —2.61 
20 | 5.07 | 6.91) 6.03,0.88| 560 | for4 65.0 | —1.S4 
5.07) 6.69 5.81/ 0.88} 525 | days) 64.6 | —1.62. Blood 
taken. 
22 | 5.07 | 7.68 6.80, 0.88 | 640 | 48.5 | 65.3} —2.61 
* Vitamine addition. 
23 | 5.15 | 6.56) 5.69! 0.87 480 | 64.6 | —1.41 
24 | 5.15 | 6.49) 5.62, 0.87 | 680\| , | 64.6 | —1.34 
25 | 5.15 | 7.46) 6.59] 0.87} 750 | 65.2 |: —2.31 
26 | 5.15 | 6.18! 5.31}0.87]| 490 65.0 | —1.03 
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7.70 


1.13 


Creatinine. 


| Uric acid. 


Volume. 


Sugar. 


gm. 


0.604 
0.930 
0.410 
0.569 
0.620 


0.475 


Blood Analysis, Case II. 


12 

14 

16 

21 

26 
Total loss of ni- 
trogen by bleed- 


30.0 


24.6 


0.7 


acid. 


Uric 


Remarks. 


gm. 


0.111 
0.100 
0.099 
0.100 
0.097 


1.7 


0.110 


48 


Yeast diet. 


Rice diet. 


Normal diet. 


In Case II the noticeable factors are the fairly good nitrogen 
balance obtained, and the high figures for uric acid in blood with 
yeast. Vitamine gave no definite results in the rice period. 


£9 


June gm. gm. gm. | ce. | gm. 
9 | 0.354 | 10.10 | 1.50 720 
4 12 | 0.348 9.85 1.60 1,210 | 
14 0.402 12.10 1.08 B45 
16 0.390 6.32 0.725 575 A 
21 0.370 7.54 0.894 525 1.89 fi 
24 680 1.56 a 
26 0.417 | | 490 | 
| 
June gm. | mg. | mg. | mq. | | ce. | 
| 9 3.26 26.3 3 5 5 it 
2.78 |29.8/26.3/0.24) 4.0) $3 | | 
5.66 |30.2/22.1/0.86) 8.0 4 
3.20 |23.7/21.0)1.20) 4.8 56 
2 65 |26.5 0.51) 2.0 71) 
2.72 |27.0|29.4 1.5 32 f 
| 
July | | 
| 7 2.16 
| 
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Case III.—A normal man, 20 years old, weighing 63.7 kg. at the begin- 
ning of the experiment. 


Diet (Gm.). 


Yeast period. 


Days 1 2 3 4 5 6 7 S 9 10 11 
30} 30) 45) 50) 50) 55) 55) 65) 55) 60) 60 
243} 138/111) 110) 86) 326, 79! 404) 310) 121 
83; 128/138; 193) 90 81; 100) 77| 78 
Chocolate..... 31.5) 63/126} 126) 273) 168} 318] 210) 231/136.5 4 
00... 600} 900/900} 900) 600} 1,200) 1,400} 900} 900} 900! 900 : 
Butter........ 173; 162} 99} 50} 10) 60) 50 
Orange........ . 
‘Tomato soup. . 50 100; 45 
50; 50 50 50 
28; 49 28 80 66; 52) 49) 42) 63 
Rice and bread period. 

200 200; 200) 210; 200) 200 | 200) 200 
Tea biscuit.... 185 
Bubter.......: 100; 100/105; 129) 110) 120) 120} 120) 120) 120 
25 25 2 25! 25 
Water, cc...... 1,163] 1,190|761, 1,193) 1308) 1,211} 954) 1,011) 1 055) 612 
Vitamine...... 3.75 |4.81 | 4.8) 4.16 3.0 E 

Rice 155 gm. throughout each day of the whole period. E 
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Metabolism Experiment, Case III. 


N N N in N in 


Date. intake. | output.| urine. | fecee. Urine. | Feces. | Weight.) Balance. Remarks. 


Norma! diet. 


June| gm. gm. gm. gm. ce. gm. kg. 
3 15.38} 14.43) 1.90 “pt 29 6 | 85-0 
4 13.95} 13.0 | 1.90 | 1,020 ™ | 65.0 
5 13.83! 13.37) 0.46 | 1,620 65.0 
Yeast period. 
6 | 3.63 | 10.96) 10.49) 0.47 700 | 12.8 | 65.7 | —7.33 
7 | 4.64 | 11.46) 10.47} 0.99 600 | 19.1 | 65.4 | —6.82 
8 | 4.62 | 10.18} 9.27] 0.91 | 1,140 | 17.3 | 64.8 | —5.56 
9 | 6.21 | 9.97} 8.15] 1.82 | 1,000 | 30.9 | 64.4 | —3.76) Blood 
: taken. 
10 | 6.02 | 11.88} 8.38} 3.50 670 | 34.0 | 63.8 | —5.86 
11 | 7.00} 9.20) 7.32) 1.88 g2.49| 64-1 | —2-20 
12 | 6.63 | 10.22} 8.33) 1.89 | 1,525 | 63.5 | —3.59| Blood 
taken. 
13 | 6.62 | 7.53) 6.04) 1.49 an 7 | 83-7 | —0.91 
14 | 6.07 | 8.72] 7.23) 1.49 620 | 68.2 | —2.65 
15 | 6.72 | 10.45} 7.56) 2.89 780 | 50.2 , 63.9 | —3.73 
16 | 7.00 | 13.54] 7.48) 6.06 650 |101.8 | 63.1 | —6.54| Blood 
taken. 
Rice and bread period. 
17 | 4.47 | 8.06; 7.18) 0.88 550 63.9 | —3.59 
18 | 4.54 | 8.79} 7.91] 0.88 780> | 44.9 | 63.7 | —4.25 
19 | 4.47 | 8.30} 7.42] 0.88 780 63.2 | —3.83 
3 20 | 4.48 | 7.82) 7.56] 0.26 720 63.0 | —3.34 
21 | 4.60 | 7.28) 7.02] 0.26 500 62.9 | —2.68) Blood 
| | taken. 
Vitamine addition. 
22 | 4.56 | 5.39) 5.13) 0.26 | 580) | 26.2 | 63.2 | —0.83 
23 | 4.56 | 6.06) 5.80) 0.26 inelu-| 62.8 | —1.50 
24 | 4.56 | 7.01] 6.75] 0.26 510} | ding | 63.1 | —2.45 
25 14.56 | 7.94) 7.68! 0.26 | 1,020! | 63.2 | —3.38 
26 | 4.56 | 6.87] 6.61] 0.26 | 1,040) 63.0 | —2.31 
21. 
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Urine Analysis, Case III. 


Date. Ammonia. Urea. Creatinine. | Uric acid. Volume. Sugar. 
Ju ne gm. gm. gm. gm. ce. gm. 
9 0.500 11.6 1.6 0.875 1,000 
12 0.412 22.4 1.64 1.18 1,525 
16 0.396 10.5 0.908 0.487 650 
21 0.452 7.45 0.815 0.405 500 0.41 
26 0.420 10.1 1.65 0.641 1,040 
Blood Analysis, Case ITI. 
i | 
= | 
2 
June gm. | mg mg. | mg. mg. gm. ce. 
9 1.8) 0.107) 49) 55 
12 3.18/28 .8/25.7|0.25) 1.9} 0.104) 49) 64>! Yeast diet. 
16 3.08/31 .8/27.2/0.13) 4.9} 0.084) 47|Lost. | 
21 2.66/28 .0 0.59 0.088} 46)  61{|| Rice diet. 
26 2.87/29 .0)27.2:;2.1 | 3.0) 0.086) 45) 56 
Total loss in ni- 
trogen by bleed- 
8.4 
July 
7 2.58/33 .0/39.6)0.6 | 2.8) 0.119) 46 Normal! diet. 
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Case IV.—A normal man, 32 years old, weighing 63.5 kg. at the beginning 
of the experiment. 


Diet (Gm.). 


Yeast period. 


Orange..... 
Sauerkraut. 


14 


11 


70 


124 
72 


Rice and bread period. 


Water, cc.. 

Vitamine 
as Lloyd’s 
reagent... 


200) 


100 
1,250 


185 
100 
1,155 


200 


100 
639 


200 


100 
680 


200 


3.75 


4.8 


4.8 


4.1 


110 
673 


3.0 


Rice 155 gm. throughout the period. 


ere ~ 


= 
Days. | 2 5 6 | 7 8 9 | 1 | 

Yeast... .... 20; 20 40 50 a0 535) 35 60 20 
Anpie...... 275} 300 328] 187 152 323 390 180; 95 105 
Banana.... 202} 205 132} 121 173 74 73 93 
Chocolate. . 84] 157.5} 84) 147 168 147 92 107 126) 168 148 
Tea, CC.<... 300} 300 900} 1,200} 1,500) 1,350) 1,200) 1,800} 1,500; 950; 1,100 

putter. .... 30 4] 25 
| Onion...... 10; 14 
110 100 95 300} 70 30 
250} 100 200 
iil 28; 60 66 58 56} 56 63 
Water, cc.. 150 150 
Bread...... (200 200} 200 200 200 
bis- 
| | 
Butter..... 110 115 110 110 110 | 
| 891; 1,066 821) 916; 854 | 
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Metabolism Experiment, Case IV. 


outnut.| uring. | | Urine. | Feces. |Weight.| Balance.) Remarks. 
Normal diet. 
gm. | gm. gm. cc. gm. kg. 
13.07; 11.26 1.81 | 915 | 31.05] 64.1 
12.75) 11.2 | 1.55 | 760 | 25.3 | 64.1 
13.81) 11.0 2.81} 745 | 45.25) 64.1 
Yeast period. 
6 | 2.91 | 11.02) 9.85 1.17 | 1,440 | 18.8 | 63.5 | —8.11 
7 | 3.03! 8.03! 6.41 1.63 700 | 24.4 | 62.7 | —5.00 
8 | 4.70 | 10.67! 8.23) 2.44 840 | 36.1 | 62.3 | —5.97 
9 | 5.62) 9.54) 7.88) 1.66 870 | 28.5 | 61.8 | —3.94) Blood 
taken. 
10 | 5.97 | 12.83) 8.22} 4.61 | 1,180 | 72.65) 61.9 | —6.88 
11 | 6.28 | 10.36, 8.23 2.13 | 1,160 61.5 | —4.08 
| 62.75 
12 | 6.31 | 8.99} 6.85} 2.14| 825 61.2 | —2.68 Blood 
taken. 
13 | 6.00 | 8.93) 7.21) 1.72 61.3 | —2.93 
50.9 
14 | 6.41 | 9.55) 7.83) 1.72 | 660 61.3 | —3.13) Blood 
taken. 
15 | 6.48 | 10.74) 8.76| 1.98 | 770 61.3 | —4.26 
| 58.85 
16 | 5.75 | 9.55) 7.57; 1.98 | 630 61.0 | —3.80| Blood 
taken. 
Rice and bread period. 
17 | 4.47 | 6.90) 6.091 0.81 | 420) 61.2 | —2.43 
18 | 4.54 | 7.08) 6.27) 0.81 480 61.8 | —2.54 
19 | 4.47 | 6.44) 5.63) 0.81 440? | 56.0 | 61.5 | —1.97 
20 | 4.47 | 6.18} 5.37] 0.81 61.3 | —1.71 
21 | 4.48 | 5.74) 4.93) 0.81 460 60.9 | —1.26| Blood 
taken. 
Vitamine addition. 
22 | 4.56 | 5.08} 5.08} 0.72| 410) 61.1 | —1.24 
23 | 4.56 | 5.58! 4.86) 0.72 moe 61.1 | —1.02 
24 | 4.56 | 6.23! 5.51/0.72| 405}| 54.0 | 61.2 | —1.67 
25 | 4.56 | 6.34) 5.62) 0.72 61.1 | —1.78 
26 | 4.56 | 6.63 5.91'0.72)| 480 60.7 | —2.07) Blood 
taken. 
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Urine Analysis, Case IV. 


Creatinine. Urie acid. Volume. 


Ammonia. 


gm. gm. cc. gm. 
0.99 870 
0.75 825 
0.533 660 
16 0.432 0.497 630 
21 0.410 0.409 460 
24 405 
0.452 9.2 | 0.465 480 


June gm. gm 
9 0.354 12 
12 0.335 10. 
14 0.370 12 
11 
7 


0.54 


bo 


Blood Analysis, Case IV. 


Date. Remarks. 


3 | Uric acid 
Sugar. 
| COs 


3 | Total N. 
¢) 


Urea N 
3 | Creatinine. 


12 
14 
16 
21 
26 
Total nitrogen 
lost by bleeding.. 
July 
7 2.79 32.3 40.3 1.3) 1.9} 0.12 | 48 


on cr 


Rice diet. 


© 
Volume. 


Yeast diet. 


Normal diet. 


Besides the blood analysis the blood pressure was taken June 
13, and found to be as follows:-Case I, 125 mm.; Case II, 130 
mm.; Case III, 115 mm.; and Case IV, 120 mm. 

Besides the blood pressure the hemoglobin content and also a 
differential leukocyte count were registered on June 16 on the 
yeast diet, which figures were found normal: 


Large 
mono- 


nuclears. 


Polymor- 
phonu- 
clears. 


Transi- 
tionals. 


Leuko.- 
cytes. 


Eosino- 


Hemoglo- : 
bin. phils. phils. 


88 42 


69 
65 
66 


1 
1 
0 
0 


me Or 


oo 


Date | | Urea. Sugar. 
| 
| | | 
| | 
| 
| June 
| 9 
| | 
Case. 
| | 
| 
4 
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As a result of our nutrition experiments with yeast it is shown 
that the value of yeast as a protein source is not very great. 
Thomas (18), by comparing the protein substitution value of dif- 
ferent foodstuffs, concluded that the biological value of yeast is 
70.52 per cent. From our experiments this is certainly not the 
case, as a large quantity of unutilized yeast passes in the feces 
and is lost. Yeast, on account of its high purine content, causes 
a distinct rise of uric acid in the blood, and for this reason cannot 
be used to the exclusion of all other food. Our experiments with 
vitamine-free food, in the form of white rice and white bread, 
confirm the results of Abderhalden, Fodor, and Rose, who found 
that to obtain a positive nitrogen balance, more white bread is 
required than whole bread or potatoes. In their experiments as 
well as in ours, this negative balance occurred in spite of the low 
nitrogen figures in the feces, and indicated good resorption. 
Whether this low value of vitamine-free food is due solely to the 
absence of vitamines, we were not able to prove as our experi- 
ments were of such comparatively short duration. 


RESUME. 


Yeast cannot very well be recommended as a sole protein 
source, as a large part of the yeast nitrogen apparently has no 
food value. It is badly assimilated and occasions a rise of uric 
acid figures in the blood. The amount of nitrogen which would 
be fully adequate in the form of potatoes was proved to be in- 
sufficient with yeast. This also applies to our experiment with 
white bread and white rice. We were unable in our experiment 
to get a positive nitrogen balance by the addition of vitamine. 

In this field of nutrition research our studies have by no 
means enabled us to pronounce a verdict that yeast possesses 
no value in dietetics. 

Problems of personal idiosyncrasy as to the taste of foods, 
methods of administration suitable for the particular individual, 
questions of amino-acid synthesis after the yeast protein and 
purine bases have entered the organism, are all complex factors 
which must be taken into consideration. 

Just how far anaerobic yeast, when consumed in conjunction 
with other foods, can be made of any supplementary metabolism 
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value to a large community suffering from dietetic deficiencies 
of one type or another, offers an inviting field for further research 
in the domain of practical experimentation. 
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THE NUTRITIVE PROPERTIES OF CORN. 


By ALBERT G. HOGAN. 


(From the Department of Chemistry, Kansas State Agricultural ee 
Station, Manhattan, Kansas.) 


(Received for publication, July 24, 1916.) 


It has long been a matter of common knowledge that an exclu- 
sive diet of maize is inadequate for growing animals, but the pre- 
cise nature of the deficiency is not yet determined. Thus one 
school of investigators has ascribed the nutritive deficiencies ‘of 
corn to its lack of certain inorganic constituents. Forbes (1914) 
states: 


“Our results show that, whatever the protein deficiencies of corn, its 
mineral deficiencies are more pronounced, since, in balance experiments, 
the deficiencies in calcium and other minerals are immediately made 
manifest by negative balances or deficient storage, while the protein de- 
ficiencies, whatever their nature, allow liberal nitrogen retention. 


The extreme importance of the mineral constituents cannot 
be denied, but some investigators have laid more stress on the 
protein deficiencies of corn than does Forbes. For example, 
Osborne (1913) states: 


‘“‘The results when presented leave no doubt that the deficiency ob- 
served in the practical feeding of corn meal is explained largely, if not 
wholly, by the unique chemical constitution of zein which forms such a 
large part of its protein.”’ 


Another suggestion frequently offered is that the growth acces- 
sory substances, the so called “vitamines,”’ are present in such 
small quantities that normal growth cafinot occur unless they are 
supplied in some supplementary food. As yet, however, there is 
no convincing evidence at hand to support this theory. 


EXPERIMENTAL PROCEDURE. 


Most of the data described in this preliminary report were 
obtained by using albino rats as experimental animals. This 
procedure has proved so successful at various institutions that 
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further comment on this point is unnecessary. Our choice, how- 
ever, is explained by the anticipated use of lysine, tryptophane, 
and isolated proteins. The cost of these would be prohibitive 
if prepared in sufficient quantity for any of the ordinary domestic 
animals. During feeding trials the animals were confined in 
cages of hardware cloth, following closely the procedure of Os- 
borne and Mendel (1911). Distilled water ad libitum was given 
in all cases. 


I. Adequacy of the Inorganic Constituents. 


This particular problem was only incidental in the original 
plan, so our data on this point are relatively meager. Some of 
the animals were given corn alone, others corn plus a salt mix- 
ture. A third lot received corn plus an “ash-free”’ protein,'! and 
a fourth, corn plus ‘‘ash-free”’ protein plus a salt mixture. The 
results are given in Table I. 

The results at least have a positive trend. If corn is the sole 
article of diet the animals decline rapidly in weight and soon die. 
The addition of a salt mixture,? however, permitted growth to 
occur in a surprising degree. When an “ash-free” protein is 
added to the corn, in most cases death ensues promptly. The 
dried blood is a striking exception. At the end of 27 weeks the 
animals were apparently growing slowly. Possibly they would 


1 The author prepared these materials originally for another research 
conducted jointly by the executive, chemistry, and animal husbandry 
departments of the college. The methods of preparation are described 
later in this article. 

2 Two salt mixtures were used, apparently with equal success. No. 1 
was adapted by Dean Willard, of this college, from a mixture published 
by Osborne and Mendel. No. 2 approximates a mixture published by 
McCollum. 


No. 1 No. 2 
gm. gm. 
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have declined later, but our facilities would not allow us to con- 
tinue the trial longer. 

A somewhat similar experiment has been described by Weiser 
(1914). His object was to determine the effect of a calcium- 
poor diet on the composition of growing bones. One group of 
three pigs received maize and corn gluten, another group of three 
received the same ration plus about 0.75 per cent of calcium car- 
bonate. Some time after the feeding trial began dried blood was 
substituted for corn gluten. During the first part of the trial 
the weights of the lots only were given, as the individual records 
are not available. During the latter part of the trial the individ- 
ual weights are recorded. A portion .of the record is summarized 
in Table II. 


TABLE II. 
Growth (Kg.) of Swine on Rations of Low and High Calcium Content. 
Lot with Ca. Lot without Ca. 
No. 1. No. 4. No. 6. 
| 19.6 14.5 9.9 
eet | 35.7 12.6 | 11.1 


Even the animals receiving calcium grew slowly, but the in- 
creased growth due to its addition to the diet is quite marked. 

Data obtained at this institution are not in complete agreement 
with Weiser’s findings. Extensive feeding trials here have been 
conducted jointly by the executive, animal husbandry, and chem- 
istry departments, using swine as experimental animals. One 
lot received corn alone, and another corn plus salt mixture No. 
1. The figures are very striking, and as they represent the 
experience of several years, there can be no doubt that they are 
entirely trustworthy. On corn alone, the animals can barely 
maintain life. Some of them in fact do succumb, while a few 
others maintain life in a precarious condition for some months, 
but gradually gain in weight, and also show a real increase in 
length and height. After some months the animals grow more 
rapidly, they take on a more thrifty appearance, and in the 
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course of time reach a long deferred maturity. <A striking point 
in these researches is the failure to derive any benefit from the 
use of a salt mixture. In contrast to this stands the real value 
derived from the addition to corn of a protein comparatively free 
from inorganic constituents. Two substances were used for this 
purpose; the proteins of blood were used in one trial, and those 
of egg white in the other. Both of these are comparatively free 
from calcium and phosphorus, but they were given special treat- 
ment to remove from them so far as practicable all inorganic con- 
stituents. The blood, obtained from Armour and Co., was de- 
fibrinated in their plant, chilled, and shipped here. As soon as 
possible after its receipt it was diluted to four or five times its 
volume, acidified with acetic acid, and heated to boiling with 
live steam. The coagulum was filtered off on a linen cloth, re- 
turned to the vessel in which coagulation occurred, and washed 
with a large volume of boiling water. This was again filtered, 
and dried at 70-80°C. The egg white used was a dried com- 
mercial product. This was dissolved in warm water, and then 
given practically the same treatment as the blood. The analyses 
are shown in Table III. All animals drank distilled water dur- 
ing the feeding trial. 
TABLE III. 
Ash and Nitrogen Analyses of Feeds. 


Total ash. Ca P N 


per cent per cent per cent per cent 


Blood proteins.................... 1.09 0.0126 | 0.0824; 15.21 


As far as growing swine are concerned, therefore, corn contains 
sufficient inorganic material for the protein already present. It 
would seem in this case that the first limiting factor is the pro- 
tein. It is very certain that corn does not contain enough min- 
eral matter for normal growth. In support of this statement 
additional data are submitted. Other lots of swine received 
corn and the ‘‘ash-free” protein and salt mixture No. 1. In this 
case growth was approximately normal. 
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The final results of these feeding trials are given in Table IV. 
The upper part of the table gives the composition of the feeds in 
percentages. Crude fiber is not included here, as the amounts 
were small, and its value as a source of energy is uncertain. The 
sum of the protein, ether extract, nitrogen-free extract, and ash 
is taken as 100 per cent. The lower portion of the table gives 
the weights of the animals. These weights are the average of 
the lots. Each lot contained three pigs, except Lots 38 and 39. 
which contained two pigs. each. 


TABLE IV. 
Growth of Swine on Rations of Low and High Mineral Content. 
30 | 31 32 33 38 39 
Corn + Corn 
Corn + ash-free | Corn + 
Corn. | salt mix- | “bicod blood + | ash-free | egg white 
ture. rotein, | Salt mix- white., + salt 
P ture mixture 
per cent per cent per cent per cent percent | percent 
11.20 10.88; 10.00 9.55 | 10.00 9 56 
Protein < Supple- 
10.51} 10.10; 10.52) 10.01 
4.72 4.58 4.22 4.03 4.22 4.03 
N-free extract........ $2.70 | 80.30 73.80, 70.60; 73.80 70.60 
1.55 4.27 1.51 5.76 1.46 5.72 
0.017; 0.66 0.17 0.99 0.17 1.01 
Phosphorus........... 0.33 0.44 0.30 0.51 0.30 0.55 
1915 Ibs. Ibs. Ibs. Ibs. Ibs. ths 
Initial July 3..... | Be 
weight | Aug. 2..... 7.5 | 2.5 
Final weight, Dec. 30 | 37.6 32.6 82.6 | 171.6 69.5 | 192.5 


The average weights of the animals give the impression that 
Lot 32 made a greater gain than Lot 38. The individual records 
do not altogether support that idea, however, as one pig in Lot 
32 made a much greater gain than any other receiving a similar 
ration. 


II. Adequacy of Maize Proteins. 


The rate of growth of rats receiving corn plus a salt mixture 
indicates In some cases an almost surprising efficiency for the corn 
proteins. This is the more striking if the large percentage of 
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zein in corn proteins is borne in mind. As has often been pointed 
out, this protein contains neither lysine nor tryptophane. The 
question is then at once presented, as to whether growth has oc- 
- eurred in spite of the zein, or whether zein in the ration has real 
value as a protein. 

This problem was approached from various viewpoints. In 
one case the ration of corn and salt mixture was supplemented 
by zein itself. If the addition of this protein to maize should 
exert any beneficial action it would seem clear that the zein al- 
ready in corn played an essential réle in the ration of growing 
animals. On the other hand failure of the addition to exert 
any such action would not necessarily prove that all of the zein 
already present was without value. Again the data are not 


conclusive, but it does seem highly probable that the addition of — 


zein not only had no value, but was really detrimental. Al- 
though Rat 19 made a fair degree of growth, yet on the whole 
the animals receiving the addition compare unfavorably with any 
of the others receiving a protein supplement, especially when it 
is noted that three of these animals are males. It seems highly 
probable that the addition of zein had actually lowered the value 
of corn. 

The addition of gliadin to corn was tried because, according 
to Osborne and others (1915), it contains at most a very smal] 
percentage of lysine; they give 0.92 per cent as the probabie 
value. If the addition of gliadin should cause a quickening of 
the growth curve, it would seem that the slow growth on corn 
was not due to lack of lysine in the zein. Osborne and Mendel 
(1911) have already demonstrated that in other respects gliadin 
is an adequate protein. Though it seems clear that no beneficial 
results could be ascribed to the gliadin, it also seems equally clear 
that it had no detrimental action. 

Osborne and Mendel (1914) had previously demonstrated that 
the addition of lysine and tryptophane to zein converted it into a 
protein adequate for maintenance and growth; so it seemed pos- 
sible that the addition of these amino-acids to corn itself might 
convert the latter into a more efficient diet. Accordingly two 
rats received corn plus 1 per cent lysine, two more received corn 
plus 0.5 per cent. tryptophane, and two more received corn plus 
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1 per cent lysine and 0.5 per cent tryptophane. In none of the 
six cases did the addition have any evident value.* 

The food mixture was prepared by grinding the entire maize 
kernel to an impalpable powder, and then intimately mixing with 
it the amino-acids. This dry mixture was fed to the animals 
without making any effort to form it into a paste, or to give it 
greater coherence. This procedure has one serious disadvantage 
in that rats are wasteful feeders, and it is difficult to obtain the 
exact weight of the food consumed. It seemed impossible to avoid 
that difficulty however, without encountering others equally 
serious. Observation, as well as such records as we could obtain, 
indicated that the rats making even moderate gains on corn alone 
ate relatively very large quantities of food. 

In every case where corn was supplemented with a protein 
the amount added was such as to make the nitrogen content 3.2 
per cent, or the protein content approximately 20 per cent. Thus 
the corn proteins were slightly less than one-half the total protein. 
The data are presented in Table V. } 

For comparison some results summarized in Table I are also 
presented in Table V along with other material that does not 
bear directly on the question of zein insufficiency. Consider- 
-able variation in the rate of growth is evidenced even among ani- 
mals receiving the same food. The first two diets given, dog 
bread and sunflower seed, and corn and casein, are regarded as 
suitable for normal growth. For reasons that will be g.ven later 
however, Rats 70 and 71 are commmened slightly below normal in 
rate of growth. 
| It is evident that maize alone may be sufficient for maintenance 
and for growth, at least during a period of 7 months. In fact the 
rapidity of growth that may be attained on this ration is sur- 
prising. Another striking point is the very rapid rate of growth 
,on corn when supplemented by casein. 

_ The only notable feature concerning the feeding of egg white 
and dried blood is the failure of either to exe:t any beneficial ef- 
fect. Our data on dried blood when supplied in other food mix- 
‘tures are incomplete, but therecords of Rats 9, 10, 11,and 12 leave 


* These feeding trials are now being conducted under different con- 
ditions, and the results indicate that the addition of lysine and try pto- 
phane does increase the efficiency of corn proteins. 
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no doubt of the adequacy of egg white when supplied in a suit- 
able mixture. The corn gluten* seemed more efficient than 
either the egg white or dried blood, but it is possible that this 
result should be confirmed by a larger number of experiments 
before the fact can be considered established. 

A discussion of other features of the swine feeding experiment 
conducted at this institution is pertinent at this time. The fail- 
ure of corn as a sole diet for swine may be due to the wide nutri- 
tive ratio of corn, or it may be due to the inadequacy of the pro- 
teins that are present in corn. To obtain light on that question 
casein® was added to corn in sufficient quantity to double the di- 
gestible nitrogen already present in the grain. Corn starch was 
then added in sufficient quantity to make the nutritive ratio of 
the total added material, 1: 8.8, equal to that of the corn. Three 
pigs received this ration, and other lots of three received corn 
plus various amounts of casein. The quantity of the supplement 
added was such that Lot 36 received a ration with a nutritive 
ratio of 1: 6, while this ratio for Lot 35 was 1:3. The growth 
on these rations is summarized in Table VI. 

TABLE VI. 


A Comparison of the Value of Casein and Corn Proteins in the Ration of 
Growing Swine. 


ratio | N ratio 
Corn 50.00 parts.) Corn 50.00 parts. 
Casein 3.00 “ Casein 2.82 og 11.68 


Salt Salt 
mixture 1.24 “ mixture 1.32 mixture 1.54 


“4 


3 per cent per cent per cent 
5.64 10.29 8.77 
Supplement... .. 4.78 4.21 14.91 
Ether extract............. 3.02 4.97 5.92 
N-free extract............ §2.80 76.15 65.80 
lbs. lbs. lbs 
Initial weight, July 3, 1915 oe 64 59 
Final weight, Dec. 30, 1915 494 600 602 


4 Kindly furnished by the Corn Products Co. of Edgewater, N. J. 
> Commercial buttermilk casein obtained from, the Beatrice Creamery 


Co., Topeka. Kansas. 
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Reference to Table IV shows that lots receiving corn alone or 
corn plus a salt mixture make practically no growth. Lot 34, 
as is shown in Table VI, received a diet which supposedly approx- 
imates corn plus a salt mixture, but with half the digestible corn 
proteins replaced by casein. The procedure followed does not 
permit an exact comparison, but it 1s evident from inspection of 
the data that casein is far more efficient for growth than are the 
proteins of corn. Thus the quantity of casein substituted for corn 
proteins was 4.78 per cent of the ration, yet this substitution 
changed the ration from one barely sufficient to maintain life to a 
ration that sufficed for almost normal growth. 

Lot 36 received a ration containing slightly less casein than 
did Lot 34, but nearly twice as much of the corn protein. In 
view of the fact that this lot gained almost 30 per cent more than 
Lot 34, the additional corn protein received by Lot 36 must be 
ranked as fairly efficient. : 

Another result worthy of note is the failure to secure more 
rapid growth by the addition of still larger amounts of casein. 
McCollum has indicated (1914) that up to a certain limit of pro- 
tein intake, the amount retained by swine is a certain per cent 
of that ingested. It does not seem that his generalization would 
apply to these animals for the protein intake is not excessively 
high. The nature of the limiting factor is not clear. 

Another result, of minor importance in this connection, is the 
evident inferiority of the blood proteins. Table IV shows that 
Lots 33 and 39 received rations quite similar, with the exception 
that in one case the protein supplement was blood protein, in an- 
other, egg white. However, the lot that received egg white made 
a greater gain in 5 months than the blood protein lot did in 6 
months. 

As has been previously mentioned, some of the rats were able 
to grow at a fairly rapid rate on corn and a salt mixture, but the 
swine seemed to utilize this ration for growth much less efficiently. 
Though this discrepancy might seem to indicate a fundamental 
difference in their metabolic processes, it is believed that such a 
result is to be expected. Because of the great disparity in size 
the energy metabolism of the rat is vastly greater than that of 
swine, and it ingests much more food per unit body weight. An 
excellent illustration of this fact is found in a summary by Arms- 
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by (1914) of Pettenkofer and Voit’s results. For example, a 
dog weighing 3.10 kilos produces 2.41 times as much heat per unit 
body weight as does a dog weighing 30.66 kilos. On comparing 
rats and swine the difference is found to be much greater. Ac- 
cording to Knapp (1908) the energy requirement per’ day of a 
200 gm. rat is approximately 50 calories, or 250 calories per kilo. 
Comparable data concerning swine are not at hand, but the re- 
sults obtained in the swine feeding experiment just mentioned 
will serve for purposes of comparison. The average weight of 
the pigs in Lot 36 for the last 30 days of the feeding trial was 
86.4 kilos. The average daily feed consumption during that time 
was 1.64 kilos. The analyses of the ration are not complete 
enough for an exact calculation of its calorific value, but it is ap- 
proximately 5,745 calories. The energy consumption per kilo 
of these animals, then, is 66.5 calories, or approximately one- 
fourth of that of a 200 gm. rat. The experimental procedures 
do not permit a precise comparison, but in all probability the data 
submitted here tend to diminish rather than exaggerate the differ- 
ences. Although the energy requirement per unit body weight 
is much higher for the rat, the protein requirement is generally 
believed to be little if any higher. In other words, after each 
animal has satisfied its calorific needs, the rat has a much larger 
nitrogenous residuum with which to build new protein tissue. 


III. The Presence of Growth Accessories. 


A number of investigations, notably those of Osborne and 
Mendel, McCollum, and Funk, make it highly probable that a 
normal diet must contain certain “‘accessory’’ substances. These 
are of unknown chemical composition, and the quantity required 
is undoubtedly small, but nevertheless they are indispensable 
components of an adequate diet. 

The suggestion has frequently been made that the slow rate of 
growth obtained when corn is the sole article of diet is due to a 
lack of one or more of these accessory substances. The liter- 
ature on this particular point is not abundant, and is both con- 
fusing and conflicting. It might be well to note at the outset 
that some investigators, Abderhalden (1913) and Rdhmann 
(1916), question the necessity of assuming that any such food 
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accessories, the so called vitamines, exist. Their attitude, how- 
ever, is not the one commonly taken. 

Most of the experiments described in this paper did not in- 
clude the vitamine factor, but some of the facts presented will 
bear inspection from that standpoint. It is evident that, if the 
existence of these accessories is conceded, corn contains them in 
some degree. In this laboratory rats were brought to apparently 
normal maturity on corn and a salt mixture as the sole diet. 
Schaumann (1915) states that corn is “sufficient” for pigeons and 
rats, but insufficient for rabbits, goats, and guinea pigs. Funk 
(1913) has shown that the outer layer of corn contains an anti- 
neuritic substance, and a recent article by Willard (1916) states 
that this fact was also discovered independently by J. S. Hughes 
of this college. Hughes fed polished rice to pigeons until they 
had developed extreme cases of polyneuritis. They could scarce- 
ly move, and would make no effort to swallow. In many cases 
death was unquestionably only a matter of hours. If a few grains 
of corn were forced into the crop at this stage, the birds would 
make a swift recovery, and in 1 or 2 days present a wholly normal 
appearance. It is evident therefore that some of these acces- 
sories are present In corn. 

Voegtlin (1915) in an article on the effects of a vegetable diet 
says comparatively little concerning accessory substances, but 
gives the impression that satisfactory growth could not be at- 
tained by animals fed on corn alone. Slonaker (1912) also states 
that a strictly vegetable diet is unsatisfactory for growing rats. 

The original data submitted in this paper make it evident that 
rats may slowly grow to apparently normal maturity on corn 
alone, though some do not succeed in doing so. When corn is 
supplemented with casein growth occurs at a fairly rapid rate. 
The blood preparation seems slightly less efficient, and the egg 
white considerably less. Inasmuch as casein ordinarily carries 
large quantities of the accessories, the ineffectiveness of the egg 
white might seem due to a lack of those substances, and that 
explanation readily suggests itself. That the difference is not 
due to poor quality of the protein is shown by the behavior of 
Rats 11 gp@ 12, Table V. These animals received egg white 
along with starch, butter, and protein-free milk, and grew at 
the maximum rate. Additional support for the views that egg 
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white may be lacking in accessories is found in McCollum’s (1915) 
experience in using egg white as an adjunct to polished rice. The 
failure of rats to gain on polished rice has been ascribed to pro- 
tein insufficiency, so McCollum supplemented the rice with ash- 
free egg white and a suitable salt mixture. The rats failed to grow 
normally on such a ration, however, thus indicating a lack of 
growth accessories in the egg white. 

The ‘“‘ash-free” casein, viewed from that standpoint, may have 
exerted unexpected efficiency. The only object in preparing it, 
however, was to obtain a product relatively free from calcium, so 
the material was not extracted with alcohol or ether, and no ef- 
fort was made to free it of accessory substances. It is also well 
to note that the animals receiving such material did not grow as 
rapidly as those receiving the crude product. In Table V, Rats 
70 and 71 received the ash-free casein, and these animals grew at a 
distinctly slower rate than those receiving crude casein. Corn 
gluten exhibits surprising value when used in this connection. 
As our preparation contained 4.4 per cent of ether extract, some 
interest is attached to Funk’s (1914) statement that corn prod- 
ucts containing considerable quantities of corn oil are richer in 
these unknown substances. In view of the relative superiority 
of casein as a supplement to corn, there is a temptation to give 
great weight to the vitamine factor and some effort is being made 
in this laboratory to investigate the theory in an experimental 
way. It is generally believed that an adequate diet becomes 
‘“‘insufficient,’’ when heated to high temperatures, and a volumi- 
nous literature has accumulated on using such material in 
feeding trials. The usefulness of the procedure is open to ques- 
tion, as it is conceivable that factors other than ‘‘vitamines”’ 
might be subject to alteration. The method was followed here 
in a small way, however, for if the accessories are destroyed by 
heat, and rats are able to grow on heated food mixtures consist- 
ing chiefly of corn, then failure of the animals to grow on maize 
could not be ascribed to lack of accessories in the grain. If, on 
the other hand, rats fail to utilize heated foods for growth, the 
interpretation is not so obvious. Accordingly enough egg white 
to make a total of 20 per cent protein was added to corn, along 
with 4 per cent salt mixture, and the material was then heated 
for 6 hours in an autoclave at 30 pounds’ pressure. Four animals 


fe 
4 
2 
4 
2 
« 
- 
= A 
> 
be 
= 
gi. 


A. G. Hogan 207 


were given this ration, and their behavior on such a diet is re- 
corded in Table VII. 


TABLE VII. 
Growth of Rats on a Ration Subjected to High Temperatures. 


Rat No. 79 80 81 82 
Initial weight. 40 43 50 42 
wks. 
3 55 53 62 Dead. 
6 58 57 61 
9 72 68 76 
12 70 65 87. 
15 75 85 90 
18 68 87 87 
21 Dead. 88 91 
24 64 66 
27 Dead. Dead 


None made any noteworthy growth, and all died comparatively 
soon, without any evident cause, excepting that the food had 
bzen heated. 

SUMMARY. 


The evidence indicates that when corn is fed to rats as the sole 
dietary the mineral constituents are the first limiting factor, and 
then the protein. In the case of swine these findings are appar- 
ently reversed. Protein is here the first limiting factor, and then 
the mineral element. The data also indicate that the corn pro- 
teins are less efficient for growth than casein. The addition of 
lysine and tryptophane to maize did not increase its efficiency for 
srowth. The addition of some of the adequate proteins (egg 
white) seemed of only slight benefit. In view of these facts it 
seems possible that one of the limiting factors in corn as a food 
for growing rats is one or more of the growth accessories. 

Young rats on a corn diet grow more rapidly when the grain 
is supplemented with casein than when supplemented with egg 
white. This observation assumes added significance since food 
mixtures containing protein-free milk, butter, and egg white are 
more efficient for growth than mixtures of corn and egg white, 
even though the protein of the corn mixture furnishes a rela- 
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tively higher per cent of calories than does the protein of the 


more efficient diet. 
Autoclaved corn mixtures failed to maintain body weight, and 


ultimate failure resulted. 

Since swine grow rapidly on a mixture of corn and egg white, 
it is believed that corn contains sufficient of the growth accesso- 
ries for normal growth in swine. 


BIBLIOGRAPHY. 


Abderhalden, E., and Lampé, A. E. (1913), Z. ges. exp. Med., i, 296. 

Armsby, H. P. (1914), Principles of Animal Nutrition, New York, 3rd 
edition, p. 361. 

Forbes, E. B. (1914), Ohio Agric. Exp. Station.., Bull. 271. 

Funk, C. (1913), Tr. Soc. Trop. Med. and at vi, 165. 

Funk (1914), Die Vitamine, Wiesbaden. 

Knapp, P. (1908), Z. exp. Path., v, 147. 

McCollum, E. V. (1914), J. Biol. Chem., xix, 323. 

McCollum, E. V., and Davis, M. (1915 a), J. Biol. Chem. xx, 641. 

MeCollum and Davis (1915 b), J. Biol. Chem., xxi, 179. 

McCollum and Davis (1915 cc), J. Biol. Chem., xxiii, 181. 

Osborne, T. B. (1913), Science, xxvii, 185. 

Osborne, T. B., and Mendel, L. B. (1911), Cutie Institution of Washing- 
ton, Publication 156. 

Osborne and Mendel (1914), J. Biol. Chem., xvii, 325. 

Osborne, T. B., Van Slyke, D. D., Leavenworth, C. S., and Vinograd, 
M. (1915), J. Biol. Chem., xxii, 259. 

Réhmann, F. (1916), Ueber kiinstliche Ernaihrung and Vitamine, Berlin. 

Schaumann, H. (1915), Arch. Schiffs. u. Trop. Hyg., xix, 425. 

Slonaker (1912), Stanford Univ. Publications, iii. 

Voegtlin, C. (1915), Am. J. Physiol., xxxvi, 367. 

Voit, E. (1901), Z. Biol., xli, 113. 

Weiser, S. (1914), Biochem. Z., |xvi, 95. 

Willard (1916), Aansas Acad. Sc., Bull. 1. 


2 
or 
<4 
> 
4 
sae 
es 


A COLORIMETRIC METHOD FOR THE DETERMINA- 
TION OF ACETONE IN URINE. 


By FRANK A. CSONKA. 
(From the Laboratory of Dr. J. P. McKelvy, Pittsburgh.) 


(Received for publication, August 23, 1916.) 


Frommer!’ in 1905 used salicylic aldehyde as a qualitative test 
for the detection of acetone in the urine. Tiemann and Kees? 
had already studied this acetone compound and Fabinyi? in 1900 
carried the investigations still further. The alkali salt of Fabinyi’s 
dioxydibenzene acetone 


OH — C,H, — CH = CH — CO — CH = CH — C,H, — OH 


is the compound, the red color of which was made use of by 
Frommer in his acetone test. Frommer’s qualitative test is as 
follows: 


“To 10 cc. of urine about 1 gm. KOH is added. Before solution has 
occurred 10 to 12 drops of a 10 per cent solution of salicylic aldehyde in 
absolute alcohol are added and the mixture warmed to about 70°C. At 


the zone of contact of the alkali and urine an intense purplish red ring. 


develops in the presence of acetone.’’ 


Frommer claimed for his test the advantage over others in 
that it was specific for acetone as the presence of diacetic acid 
did not give the color reaction. Bohrisch,* made a critical study 
of the various qualitative tests and confirmed Frommer’s claim 
of superiority in his test, and advised its general use. The 
specificity of the reaction suggested its use in the development 
of a colorimetric method for the quantitative estimation of ace- 
tone, using the distillate of the urine (which naturally includes 


‘Frommer, V., Berl. klin. Woch., 1905, xlii, 1008. 

* Tiemann, F., and Kees, A., Ber. chem. Ges., 1885, xviii, 1964. 
*Fabinyi, R., Chem. Zentr., 1900, ii, 302. 

‘ Bohrisch, P., Pharm. Zentralhalle, 1907, xlviii, 207. 
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the preformed acetone and that derived from the decomposition 
of diacetic acid), realizing the advantages such a method would 
possess in rapidity, specificity of color, and simplicity. The 
Messinger® iodimetric method is the one generally in use. Mar- 
riott® recently described a nephelometric method for the estima- 
tion of minute quantities of acetone in blood and tissues, which 
method in general was applied by Folin and Denis’ to urine. The 
aim of the writer was to make the colorimetric method as simple 
and rapid as possible without sacrificing accuracy, making it 
adaptable also to clinical work. It is not a micro method, though 
applicable to minute quantities when a concentrated acetone 
solution obtained by a second slow distillation is used. All the 
above mentioned methods, excepting that of Folin and Denis, 
require a second time-consuming distillation to make it certain 
that acetone only is included in the result obtained. 

The determination of 6-oxybutyric acid by the Shaffer* method, 
in which the acid is oxidized by bichromate, is in reality an ace- 
tone determination; he used the Messinger method for determin- 
ing the acetone. If glucose is present in the urine it must first 
be removed, since there goes into the distillate, in addition to 
the acetone, other volatile substances that absorb the iodine. 
The colorimetric method is directly applicable to the determina- 
tion of acetone in the distillate; the sugar in the urine does not 
interfere with the reaction, since the volatile substances derived 
from the oxidation of the glucose do not give the color reaction. 
The removal of the sugar, which Shaffer accomplished by basic 
lead acetate, and a second distillation, is rendered unnecessary. 

By driving out all the preformed acetone before the distillation 
by means of an air current (Folin), it is possible to determine 
indirectly the amount of preformed acetone by subtracting the 
acetone derived from diacetic acid from the total acetone. 


5 Messinger, J., Ber. chem. Ges., 1888, xxi, 3366. 

6 Marriott, W. M., J. Biol. Chem., 1913, xvi, 281. 

7 Folin, O., and Denis, W., J. Biol. Chem., 1914, xviii, 263. 

8 Shaffer, P. A., and Marriott, W. M., J. Biol. Chem., 1913, xvi, 265. 

93 gm. of glucose were oxidized by potassium bichromate under con- 
ditions similar to those given in the text for the B-oxybutyric acid deter- 
mination. The single distillate absorbed 12.15 cc. 0.1 N, and another 
sample 18.1 cc. 0.1 N iodine solution. 2 cc. of the distillate did not give 
any color reaction, employing the method advised in the text. 
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If sugar is not present in the urine the preformed acetone may 
be determined directly from the urine and by the subtraction 
of the preformed acetone from the total acetone, we may calcu- 
late the amount of diacetic acid. The presence of sugar in the 
urine used directly disturbs the intensity of the color reaction. 


Method. 


Three solutions are necessary in the estimation of the acetone: 
(1) A 10 per cent salicylic aldehyde solution in 95 per cent alco- 
hol (10 gm. salicylic aldehyde made up to 100 ce. by adding 95 
per cent alcohol). (2) 100 per cent KOH solution (to 100 gm. 
KOH, solid, are added 60 ce. distilled water). (3) The standard 
solution. It was found that the most convenient way to pre- 
pare the standard was by checking the concentration of the ace- 
tone (c.p.) by the Messinger method and then making a solution 
such that 2 cc. should contain 0.1 mg. of acetone. On allowing 
the standard solution to stand for a long period of time, Marriott*® 
noticed the effect of polymerization on the standard solution used 
in his nephelometric method. It is advisable to renew the stand- 
ard after 10 days, though it was found that there was no appre- 
ciable change in the color intensity after the standard had stood 
2 weeks, when permanency of the color was controlled by a freshly 
made standard and also by a bichromate solution.. 

In performing the test, urine sufficient to contain 8 to 24 mg. of 
acetone (usually 25 to 100 cc.) are measured by a pipette into a 
750 ec. flask; 5 ec. of concentrated H2SO,4 are added and the vol- 
ume is made up to about 300 ce. with distilled water. The whole 
is distilled for 20 minutes, using a Liebig condenser. The re- 
ceiver should dip under the liquid in the receiving flask to which 
has previously been added 25 cc. of distilled water. The distillate 
is transferred to a 200 cc. normal flask. 


The residue of urine from which the total acetone was obtained can 
be used for the determination of B-oxybutyric acid (Shaffer). Dilute the 
residue to about 400 cc. with distilled water; add 10 cc. concentrated H2SQ,; 
distill again for 2 hours, adding drop by drop 200 cc. of a 0.5 per cent solu- 
tion of potassium bichromate (for urine containing sugar use 1 per cent). 
The solution should be kept at moderate boiling so that at the end of 2 
hours the distillate can be made up to 250 cc. in a normal flask. The 
acetone is determined in the distillate as described below. 
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2 cc. of the distillate are measured into each of two large test- 
tubes, for duplicate determination. 2 cc. of a 100 per cent KOH 
solution are added, mixed well, and then 1 cc. of 10 per cent sali- 
eylic aldehyde is added. Immediately the tubes are placed in 
a water bath at 45-50°C. for exactly 20 minutes to develop the 
color. During this time the solutions should be thoroughly 
mixed several times. 2 cc. of the standard solution, containing 
0.1 mg. of acetone, are prepared similarly and synchronously. 
The tubes are removed after 20 minutes, 10 ec. of distilled water 
added to each tube, the contents cooled, and transferred to 25 ec. 
normal flasks filled to the mark with distilled water.'® The read- 
ing should be made in a Duboscgq colorimeter within 30 to 45 
minutes from the time of the addition of salicylic aldehyde, 


setting the standard at 15 mm. 


As above stated, if sugar is not present in the urine, the preformed 
acetone may be determined directly. The urine is made alkaline with 
a few drops of concentrated KOH, filtered, and the filtrate used for the 
direct determination of the acetone (preformed), as described above. 


Since the development of the color and its intensity depend 
on the concentration of the reagents, special care should be taken 
with exact measurements. The amount of salicylic aldehyde 
and of KOH, and the time for the color development were tried 
out systematically and found to be most satisfactory when the 
above procedure was followed. By using pure acetone solution 
and urine with known amounts of acetone added, it was found 
in several determinations that the limit of error was +2 per 
cent. The colorimetric method generally gives a lower result 
than the iodometric. 


SUMMARY. 


A colorimetric method for the quantitative determination of 
acetone in urine is presented, based on the red color of the alka- 
line salt of dioxydibenzene acetone, which was first used by From- 
mer as a qualitative test for acetone. The method is also recom- 
mended for clinical use on account of its simplicity, accuracy, 
and rapidity of estimation. 


1¢ In case the solution presents too intense a color, instead of using 25 
ec., the volume may be made up to 50 cc. and the result multiplied by two. 
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THE TOXICITY OF CAROTIN. 


‘2 By H. GIDEON WELLS anv O. F. HEDENBURG. 
(From the Department of Pathology of the University of Chicago.) 


(Received for publication, August 23, 1916.) 


In the course of an investigation of the effects of the bleaching 
of flour by chlorine gas, it became necessary to ascertain the 
possible toxicity of the pure pigment matter, both bleached 
and unbleached. As there could be found in the literature no 
report of any study of the possible physiological action of color- 
ing matters of this class, it has seemed advisable to publish a 
brief account of our work, although the results are entirely 
negative. 

It is quite certain that the coloring matter in flour is the same 
as that in carrots—carotin. Wesener and Teller ascribed the 
color in flour to carotin in 1911,' and suggested this in 1909. 
Monier-Williams? has advanced further proof that the coloring 
matter in flour is carotin, which is called ‘“‘carrotene”’ by him. 

The amount of carotin in flour is very small. Monter-Williams 
found in flour in parts per million as follows: 


Unbleached. Bleached. 
Flour A (photographic) .................06. 1.4 0.99 
1.3 0.81 


The color is usually obtained from carrots, which contain it 
in relatively large quantities. Willstitter obtained 125 gm. 
from 5,000 kg. of carrots. Monier-Williams gives 2 gm. as the 
yield from 100 lbs. of carrots. 1.3 gm. coloring matter was ob- 
tained by us from 54 lbs. of carrcts. 

We obtained the coloring matter as follows: 5+ lbs. of carrots 
yielded 21.2 kg. cleaned and trimmed material, which was ground 


1 Wesener, J. A., and Teller, G. L., J. Ind. and Eng. Chem., 1911, iii, 912. 
2? Monier-Williams, G. W., Reports, Local Gov't Board (Great Bywitain), 
Pub. Health and Med. Subjects, M Series, No. 73, 1912. 
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in a meat grinder. The ground material was desiccated first 
by aleohol and then by distillation at 80—90° in vacuo. The 
dried mass was extracted with boiling 95 per cent alcohol. The 
aleohol extract yielded an extract with chloroform which was 
saponified with alcoholic potash. After the alcohol was removed 
by distillation, the residue was dissolved in water and extracted 
with ether. This ether extract weighed 11.2 gm. and consisted 
of colorless crystals mixed with carotin. The pigment was con- 
centrated by dissolving the entire mass in carbon bisulfide and 
alcohol with the subsequent addition of enough water to cause 
the carbon bisulfide to separate, carrying with it most of the 
color. Several such treatments gave finally a highly colored 
mass that left practically nothing in the alcohol-water layer. 
This was now treated with alcoholic potash to remove with 
certainty all carbon bisulfide. After removing the alcohol the 
aqueous solution of the residue yielded an ether extract contain- 
ing 1.3 gm. of concentrated pigment. 

One-half of the pigment, 0.65 gm., was chlorinated as follows: 
The ether solution was shaken with a water solution of chlorine 
(6 ec. Cle solution containing 0.014438 gm. Cl. per cc.). 0.65 
gm. carotin, C4aoHss, requires by theory 0.0861 gm. Cl. to form 
CyoHseCle, and our material used 0.08658 gm. Cl,.. The color of 
the ether solution decreased and the Cle odor vanished. The 
chlorinated product weighed about 0.09 gm. more than the 
initial amount. 

In subsequent experiments we obtained but 1.2 gm. pigment 
from 200 Ibs. of carrots, which vary greatly in pigmentation at 
different seasons. 

This purified pigment was used in the following experiments. 
As it is soluble only in fat solverfts, which are all more or less 
toxic, it was used dissolved in sterile olive oil. This would 
seem to be a suitable solvent, however, as shown by the efficiency 
of phlorhizin dissolved in oil when used in metabolism studies. 
Because of the extremely minute quantity of coloring matter 
contained in flour, it was not feasible to conduct experiments 
with carotin from flour, as only 1 gm. of color is contained tn 
1,000 kg. of flour, and in view of the demonstrated identity of 
the coloring matter of flour and carotin from carrots the investi- 
gation of the latter seemed sufficient. 
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Two pairs of male guinea pigs were given intraperitoneal 
injections of carotin dissolved in olive oil and sterilized by brief 
heating on the water bath. 


Nl. Wt. 339 gm., given 3 cc. oil with 0.100 gm. natural carotin. 


Wt. 316 3  * 9.100 “ ehlorinated carotin. 
N2. Wt. 265 “  § & 0.200 natural carotin. 
P2. Wt. 245 “ “5 * 9.200 “ chlorinated ecarotin. 


These animals were kept under close observation for 12 hours, 
the temperature being taken every 2 hours. At the end of 4 
days, during which they were frequently examined, they were 
killed with illuminating gas. Practically no effects were observed. 
All showed a rise of 1-2°F., 2 to 6 hours after the injection, but 
so did control pigs given olive oil alone. They all remained 
quiet but alert, and ate as well as the control pigs. The urine 
at no time showed albumin or sugar, but was of a deep reddish 
brown color. The autopsies showed no changes except the pres- 
ence of a considerable amount of fatty yellow material in the 
peritoneum, but much less than the amount injected. There 
were no signs of inflammation or other local changes. All the 
viscera seemed normal in both gross and microscopic examination. 

Evidently carotin possesses no considerable toxicity, if any, 
and chlorination does not make it demonstrably toxic. The 
quantities of carotin used in these experiments are enormous in 
comparison to the amounts that could be obtained from any 
food, even carrots. The larger dose used, 0.2 gm., is as much 
as is contained in 200 kg. of flour, or as lutein in 4,000 cows’ 
ovaries (Escher*). 


Local or Cellular Toxicity. 


Although the absence of either symptoms or anatomic evidence 
of irritation after intraperitoneal injections of carotin indicated 
that it can have little or no local effect, this was determined more 
definitely by a series of intradermic tests. This method, devised 
and used in this laboratory by Dr. Corper‘ for the study of local 
toxicity, has been found very useful for this purpose. The 
principle and method are similar to those used in the intradermic 


3 Escher, H. H., Z. Physiol. Chem., 1913, Ixxxiii, 198. 
* Corper, H. J., J. Biol. Chem., 1915, xx, p. xxi. 
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injection of tuberculin or diphtheria toxin. As the two prepara- 
tions to be compared are injected side by side in the same ani- 
mal, no individual peculiarities of the animal enter as a source 
of confusion or error. 

The carotin, dissolved in varying concentration in olive oil, 
was injected in parallel sites intradermically in 0.2 cc. quantities 
into two guinea pigs. The effects were the same in both. 

Carotin dissolved in olive oil to the strength of 10 per cent 
seems to have a very slight local toxicity, as shown by the devel- 
opment of a little edema and swelling. At 1 per cent the results 
are very little different from those with olive oil alone. These 
results are not appreciably different with chlorinated and natural 
carotin. Olive oil containing very small amounts of carotin 
(0.i per cent) seems to cause, if anything, slightly less protracted 

swelling than olive oil alone; possibly a slight irritant effect from 
carotin hastens absorption. 

These experiments indicate that even in relatively very large 
doses carotin, whether in its natural state or saturated with 
_ chlorine, is almost entirely devoid of toxicity. Such large amounts 

as 20 mg. injected intradermically cause only a local edema and 
inflammation, but no necrosis. 

The extensive studies of Palmer and Eckles® indicate that caro- 
tin is almost universally distributed throughout all animal bodies, 
coming chiefly, if not solely, from the food. Our few experiments 
seem to be sufficient to warrant the assumption that any such 
quantities as can ever accumulate in the tissues have no harmful 


effects. 


5 Palmer, L. S., and Eckles, C. H., J. Biol. Chem., 1914. xvii, 191. 
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CLINICAL CALORIMETRY. 


XViII. THE NUMBER OF PLACES OF SIGNIFICANT FIGURES IN 
THE DATA OF METABOLISM EXPERIMENTS. 


By FRANK C. GEPHART, EUGENE F. DU BOIS, anp 
GRAHAM LUSK. 


(From the Russell Sage Institute of Pathology in affiliation with the Second 
Medical Division of Bellevue Hospital, New York.) 


(Received for publication, July 31, 1916.) 


In the publications from this laboratory and many others 
results have often been expressed with more decimal places 
than are justified by the accuracy of the methods or the significance 
of the findings. This involves a waste of time and printers’ 
ink and gives the reader a false impression of the work. It is 
extremely desirable to get along with the smallest number of 
digits that will do justice to the experiment and vet allow other 
investigators to recalculate the work. 

In the publication of data three factors must be considered: 
(1) the accuracy of the analytical results; (2) the possible errors 
in the methods of calculation; and (3) the significance of the 
findings. It may be well to consider them in this order. 

There is great variation in the accuracy of the different methods 
of analysis used in metabolism experiments. An attempt is 
usually made to keep all possible errors within the limits of 1 
per cent, but few investigators believe that they can do this in 
all their work. There are some methods in which the error may 
be distinctly less than 1 per cent but they are usually affected 
by some other factor in which the error is much greater. 


Holman,'*? in his standard work on computations, gives, among others, 
the following principles and rules which are well worth repeating: 

“Retain everywhere enough places to correspond to two unreliable 
places in the final result; the direct object of this is to keep the first place 


1 Holman, S. W., Computation Rules and Logarithms, New York, 1915. 
? Holman, Precision of Measurements. New York, 2nd edition, 1904. 
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of unreliable figures in the final result substantially free from the accumu- 
lated rejection errors. 

Exceptions: A final result is seldom stated to more than one uncertain 
place unless the uncertainty of that place is small (say plus or minus four 
or less). 

In multiplication or division, the percentage accuracy of the product 
or quotient cannot exceed that of the factor whose percentage accuracy 
is least. 

In addition or subtraction, the result cannot be accurate beyond the 
first decimal place which is inaccurate in any component. 

In casting off places of figures, increase by 1 the last figure retained 
when the first left-hand rejected figure is 5 or greater; otherwise leave it 
unchanged. 

A mean or average should always be carried to two unreliable figures. 

A mean is more reliable than the single observation from which it is 
computed (in proportion to 1’ n, the square root of the number of observa- 
tions).’’ Undue importance should not be attached to this numerical re- 
lation when the number of observations is very small, as for instance when 
not exceeding 5 or 10. 

“In direct multiplication or division, retain in every factor, product, 
and quotient throughout the entire process, and in final results, for an ac- 
curacy of about one per cent, or worse, four places of significant figures; 
one-tenth per cent, or worse, five places of significant figures; and so on. 

If the multiplication or division is performed by means of logarithms, 
the mantissa should contain as many places as are required by the fore- 
going rules for the direct process; 7.e., for about one per cent, or worse, 
use four place tables; one-tenth per cent, or worse, use five place tables. 

In addition or subtraction. . . . , for an accuracy of about 1 per 
cent, or worse, carry the result to four places of significant figures, etc. 

If a single observation deviates widely from the others of the series 
and no source of error can be discovered it should be published but not 
used in determining the mean except as follows.? ‘“‘Take the mean and 
the (average deviation) a.d. from this mean of the observations omitting 
the doubtful one. Find the deviation (d.) of that one from the mean. 
Then reject the observation ifd. >4a.d. . . . . Something must 
also be left to the judgment of the observer as to the propriety of 
making a rejection.’’ 

As Holman? goes on to say: ‘‘There is a tendency, especially among 
inexperienced observers, to become biassed by the first one or two read- 
ings of a series, and to reject, without recording it, any later one which 
does not closely accord with these, tacitly assuming it to be faulty. This 
is an essentially vicious practice which cannot be too carefully avoided. 
Other things being equal the later observations are entitled to greater 
rather than less weight than the earlier ones, and no result should be re- 
jected without sufficient warrant. 


’ Holman, Precision of Measurements, New York, 2nd edition, 1904, 30. 
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The rules‘ are so framed that, barring mistakes, the greatest possible 
computation error entering into the result of any ordinary computation 
(e.g., one involving a total of not much exceeding twenty component 
numbers, steps, or operations, where a rejection error may occur) shall 
not be sensible compared with the errors of the measurements or data, 
or shall not sensibly affect the accuracy of the results. They are, there- 
fore, safe rules in the worst possible cases. But in order to be so they are 
necessarily more than sufficiently stringent for some classes of compara- 
tively rough work, where the infrequent undetected entrance of a com- 
putation error two to four times as large as the experimental error would 
be permissible. For such work, one less place of figures may be used, 
but when the rules are thus relaxed the possible consequence should be 
borne in mind, and special scrutiny applied to the various stages of the 
computation, special attention being directed to quantities beginning 
with 1 or 2.”’ 


The maximum rejection error possible in any given equation 
can be readily calculated from the formula Tor ” representing 


the number of factors, quotients, and products at which rejec- 
tions are made and r representing the last place retained. 5 Is, 
of course, the maximum rejection error in any one number and 
it is conceivable that it might be rejected in the same direction 
in every case. The greatest percentage error will occur if every 
factor begins with the digits 10. In order to make 7 = ni or 
1 per cent we can have the following combinations: r = 3 and 
n = 2,orr = 4andn = 20. Therefore, if we use only two fac- 
tors we need retain only three places to have the maximum error 
1 per cent. If we have 20 factors, quotients, etc., we must re- 
tain four places. It is extremely improbable that the figure 
rejected would be +5 or —5 in every case and the natural ten- 
dency would be for the rejections to neutralize each other. It 
is also improbable that all the factors would begin with 1. If, 
for instance, any factor began with 5, the above percentage error 
would be divided by 5. 

In some of the calorimeter calculations there are as many as 
fifteen or twenty multiplications, divisions, etc., and it is obvious 
that for such work four places should be retained until the end. 
On the other hand, analyses of food, urine, etc., involve simple 


‘Holman, Computation Rules and Logarithms, New York, 1915, p. xii. 
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calculations with only three or four factors, some of them being 
constants. For such cases the average error would ke small 
and the maximum error infrequent if the fourth place of each 


titration or weighing were rejected at the start. If » were 4 


9+5+5+5 — 20 
the maximum error would be 10.0 < 10.0 < 10.0 ~ 1000 The 


probable error would be more like the following example: 


15.0 < 84.0 & 32.0 4032° Even if the maximum error did oc- 
cur it would be diminished in the averages. The safest rule, 


however, is to retain through the calculations four places wher- 
ever possible. There is no need of retaining five places in any 
metabolism work except, perhaps, in a few of the calorimeter 
calculations where we are dealing with small differences between 
large numbers. The use of five place logarithm tables can be 
almost entirely abandoned if the interpolations be carefully made 
in four place tables. 

If slide rules be used, it is usually considered that a 20 inch 
rule corresponds to a four place logarithm table. 

When we come to the publication of the results the matter 
is entirely different. The calculations have been made and the 
dangers from rejection errors have been passed. Subsequent 
investigators may recalculate the findings but such recalculations 
are seldom complicated and do not involve many divisions or 
multiplications. After all,a man who recalculates the work from 
another laboratory does not expect the error to be less than 1 
per cent. 

Even the man who publishes does not often claim greater 
accuracy than this. Were the analytical results accurate within 
0.1 per cent, there would be no significance in such accuracy. 
It is hard to conceive of a 1 per cent difference causing any change 
in the interpretation of any one metabolism experiment. <A 1 
per cent difference would be of significance only in the mean of a 
large number of experiments. If final results are expressed in 
three places they will always be within the 1 per cent limit and, 
except for numbers beginning with 1, they will be far within 
this limit. 

Each investigator will probably decide for himself the number 
of significant figures that he will publish. It is the purpose of 
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the present paper to standardize the number of places used tn 
the publications from the Russell Sage Institute of Pathology. 
If the number of places is smaller than heretofore used it must 
not be felt that the accuracy of the work has been impa:red or 
has been considered inferior to that of other laboratories. Analy- 
ses of food, urine, and feces are always made in duplicate and 
standard methods used. The bomb calorimeter is of the best 
type made. The respiration calorimeter is probably the most 
accurate machine of its kind ever constructed. In the metabolism 
ward the collection of specimens is all that could be desired ex- 
cept in the case of very stupid patients. An endeavor is made to 
keep the administration of foods to the patients as accurate as 
the analytical methods. Only foods which vary but slightly in 
composition are used and these are weighed before cooking, 
samples being taken from time to time for analysis. The most 
uncertain quantity is the patient himself or rather the physiologi- 
cal law which is being investigated. Nature does not work 
within 1 per cent limits, especially in disease. 

A table is given showing the number of places to which results 
will be expressed in the publications from this Institute. In 
most cases three significant figures will be used; in some where 
the analysis is not quite so exact only two will be given. In 
some of the analyses of food, blood, and feces, either two or three 
figures will be used, depending on the amounts present and the 
methods of analysis. It must not be felt that this table is in- 
tended to disparage the accuracy of any particular method of 
analysis. The rejections of the third and fourth places have been 
made chiefly because they lack significance. For example, we 
could determine the total nitrogen of the urine and feces to 0.01 
gm. but if we did not analyze the sweat, the first decimal place 
in the total excreta nitrogen might show a considerable error. 
Again, the third decimal place in the respiratory quotient is 
variable and of no significance except in alcohol checks and in 
severe diabetes where it is of considerable interest and of approxi- 
mate accuracy in many cases. 
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SUMMARY AND CONCLUSIONS. 


In metabolism work the analytical error is seldom much less 
than 1 per cent. A variation of 1 per cent in the result of an 
experiment would not change its significance or affect its inter- 
pretation. For these reasons, it seems unnecessary to publish 
more than three significant figures in the tables of data and in 
some cases it is not worth while to publish more than two. In 
order to avoid the accumulated rejection error it is advisable to 
retain four figures wherever possible in the calculations and re- 
ject the fourth digit only in the final result. 


TABLE I. 


The Number of Places of Significant Figures Adopted as Standards in the 
Publication of Metabolism Data. 


| _ No. of os 
| significant Examples. Unit. 
| figures. 
Urine. | 
3 28.2 | 9.84 | 
3 1.24 | | 
2 | 0.031 
3 | 0.681 
3 | 0.902 | 
Total phosphorus............. | 3 | 1.46 | 
3.65 
Feces. | | 
Nitrogen....... 1.34 0.971 Gm 
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TABLE 1—Continued. 


No. of 
significant Examples. Unit. 
figures. 
Food (analyses). 
Heat of combustion........... 3 3.24 Cal. 
Protein (N X 6.25)*........... 3 63.1 
Ether 3 17.5 
3 83.4 
Sodium chloride............... 3 1.33 | 
Food (given in ward). 
Carbohydrate................. 2 250. 
Sodium chloride............... 2 16. 
Blood. Mg. 
Non-protein N................ 2-3 201. 52. 
CO, combining capacity....... 2 69. Volume 
percent. 
Body measurements. 
OPO... 3 1.85 Sq. m 
Temperature.................. 37 .2 °C 
Respiratory metabolism. 
3 24.6 Gm. 
Calories, direct............... 3 65.9 Cal. 
Calories, indirect............. 3 66.3 
Respiratory quotient.......... 2 .82 
R. Q., severe diabetes......... 3 697 
Per cent calories from protein 
fat and carbohydrate........ 2 17. Per cent. 


*This factor is for general use. For special cases it is more desirable 
to separate the protein and weigh it as such, or in cases where the nature 
of the protein is known to apply the proper conversion factor. 
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THE PERMEABILITY OF LIVING CELLS TO ACIDS AND 
ALKALIES. 


By A. R. HAAS. 
(From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 


(Received for publication, August 10, 1916.) 


Recent investigation has rendered it increasingly clear that 
one of the most powerful means of influencing metabolism is by 
changing the reaction of the protoplasm. In view of this, the 
penetration of acid and alkali into the cell has taken on additional 
interest. 


Some of the most important contributions to this subject may be briefly 
mentioned. De Vries! found that the red sap of the cells of the red beet 
turns brown when placed in NH,OH, but that on washing in water the 
red color again returns. Pfeffer? showed that the red sap of Pulmonaria 
petals, of the stamen hairs of Tradescantia, and of sections of beet root 
first becomes blue and then greenish in dilute NH,OH, KOH, or K:COsg. 
Pfeffer? mentions that as a rule the original color returns when the tissue 
is well washed with water, while if the reagents are sufficiently dilute and 
the action not too prolonged, the cells remain living for a time. 

Plant cells have not been utilized in recent investigations on the per- 
meability of protoplasm to acids and alkalies, chiefly‘ because the blue 
anthocyan pigments of petals were considered not to be sensitive enough 
to weak acids (such as acetic) and also because of the fact that many 
plant cells are cuticularized and are therefore not readily wetted or pene- 
trated by the solutions. 

Bethe found that neutral red could be introduced into cells as an indi- 
cator in the study of permeability. Warburg‘ in his work on the permea- 
bility of sea urchin eggs to alkalies, made use of this dye in staining the 


' De Vries, H., Arch. Néerland. sc. exact. et nat., 1871, vi, 124. 

? Pfeffer, W., Osmotische Untersuchungen, Leipsic, 1877, 140. Ruhland, W. 
(Jahrb. wiss. Bot., 1909, xlvi, 1), has confirmed these observations. 

3 Pfeffer, The Physiology of Plants, Oxford, 2nd edition, 1903-06, i, 92. 

‘ Harvey, E. N., Science, 1914, xxxix, 947. 

> Bethe, A., Arch. ges. Physiol., 1909, exxvii, 219. 

6 Warburg, O., Z. physiol. Chem., 1910, Ixvi, 305. 
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cells. Harvey,’ in his studies on the penetration of cells to alkalies found 
it difficult to secure animals whose cells contain a pigment that shows a 
marked color change on addition of alkali. In the absence of a suitable 
pigment he introduced neutral red into the cells, a method which has been 
criticized recently® but which Harvey® has shown to be unaffected by pro- 
teins, lecithin, etc., in respect to sensitivity to different alkalies. It was 
found® that living cells would not stand staining with indicators of acids 
(as had been done previously for alkalies), so that organisms with natural 
pigment had to be found. Though many pigmented animals are known 
to occur, those containing suitable indicators are quite rare. 

While on the Barrier Reef expedition,’ Harvey obtained Stichopus 
ananas, the “‘prickly fish,’’ which contains a natural indicator. The pig- 
mented testis of this form served as material for his study of the speed of 
acid penetration of protoplasm. Crozier,'® at the Bermuda Biological 
Station, found Chromodoris zebra, a nudibranch, containing a suitable 
indicator, which he utilized in studying the penetration of acids. Further 
investigations at Bermuda have enabled Crozier! to describe the color 
changes of indicators derived from four pigmented animals, showing that 
natural indicators in animals are not quite so rare as had previously been 
supposed. As investigators have found it necessary to go to a consider- 
able distance to secure naturally pigmented animals suitable for such stud- 
ies, it seems very desirable to ascertain whether plant tissues suitable 
for such studies are not readily available. 


The writer has found that many blue petals are admirably 
adapted to the study of the penetration of acids and that many 
red petals and other parts are well suited to the study of the pene- 
tration of alkalies. In the course of these experiments the writer 
has made extensive use of the following: 1. Petals of Browallia 
speciosa. 2. Petals of Pelargonium. 3. Perianth of ‘‘Queen of 
the blue” hyacinth. 4. Root of red radish. 

It is evident that in such investigations it is important to 
compare the rate of penetration of (1) acids and alkalies of the 
same normal concentration as found by ordinary titration, and 
(2) acids and alkalies of the same hydrogen ion concentration 
as found by means of the gas chain. Accordingly, a series of 
0.01 N acids and alkalies were prepared by ordinary titration 
methods. <A similar series of acids of 0.01 N hydrogen ion con- 


* Harvey, J. Exp. Zool., 1911, x, 507. 

8 McClendon, J. F., and Mitchell, P. H., J. Biol. Chem., 1911-12, x, 459. 
* Harvey, Am. J. Physiol., 1912-13, xxxi, 335. 

10 Crozier, W. J., Science, 1915, 735. 

! Crozier, J. Biol. Chem., 1916, xxiv, 268, 443. 
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centration and alkalies of 0.01 N hydroxyl ion concentration was 
made up by means of the gas chain. Approximately 50 cc. of each 
solution were run into each separate tumbler. The tumblers 
were ordinarily kept covered with glass plates. Blocks of rubber 
that had been boiled in water for several days were slit so that 
the plant material could be firmly held in the slit. After the 
insertion of the material into the rubber, the edge of the tissue 
was cut across smoothly by means of a sharp razor. This razor 
cut was made to allow the acid to penetrate through the uncuti- 
cularized walls of the cells, since it was found that penetration 
through intact cuticle is excessively slow. The cutting does 
not appear to injure in any way the cells in the neighborhood of 
the cut or to affect the color changes which were used as a crite- 
rion of penetration. The rubber cubes, below the surface of the 
solution, hold the material and should any air bubbles be at- 
tached to the tissue, they are readily removed with the help of 
a glass rod. 

The criterion of penetration was the first appearance of a 
very narrow, Just distinguishable, band along the cut edge which 
was observed with the use of the daylight lamp.’ If the cells 
are washed in distilled water when the first change of color ap- 
pears, the normal color reappears. The primary object of the 
experiments has been to ascertain whether or not the same rela- 
tive order of penetration found with animal tissues obtained also 
in the case of plant tissue. The experiments were run for as 
short a time as possible, usually less than 3 hour and seldom over 
1 hour. | 

When a very weak acid is penetrating the cells very slowly, the 
indicator may be broken down before sufficient acid has entered 
the cell in order to cause a change of color in the indicator. When 
such cases occur they can be readily recognized by making an 
extract and then adding the indicator at various rates of speed 
to the acid in a test-tube. Short exposure of the plant material 
to the solutions decreases the possibility of errors due to patho- 
logical conditions. 

In the following tables the acids are arranged in order of 
penetration, the most rapidly penetrating being placed first. 


'? Crozier, Science, 1915, xlu, 764. 
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| Each table gives the results of several (five to ten) series of 
| experiments. 


TABLE I. 
Browallia Petals. 


0.01 N total alkali (titration). 0.01 N total acid (titration). 


Ammonium hydroxide. 
Sodium 


ae 


Salicylic. 
Benzoic. 
Trichloroacetic. 


Potassium 
Formic. 
Hydrochloric. 
Nitric. 
Sulfuric. 
Phosphoric. 
Oxalic. 
Tartaric. 
— Very slow. 
Acetic. Extremely slow. 


TABLE II. 
Hyacinth Perianth. 


0.01 nN total acid (titration). 
Benzoic. 
Salicylic. 
Trichloroacetic. 
Hydrochloric. 
Nitric. 
Sulfuric. 
Oxalic. 

Formic. 

Phosphoric. 

Tartaric. 

Lactic. 

Citric. 

Butyric. > Very slow. 

Acetic. 


TABLE III. 
Pelargonium Petals. 

0.01 Nn total alkali (titration). 
Ammonium hydroxide. 
Sodium hydroxide; po- 

tassium hydroxide. 
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Table I shows that the results with Browallia petals coincide 
with the results obtained with 0.01 N acids by Harvey and Crozier, 
working with animal tissues, except that in Harvey’s experiments 
lactic and oxalic acids penetrated more rapidly than phosphoric. 
This difference is probably of little significance, since oxalic acid 
penetrates more rapidly than phosphoric into the perianth of 
the hyacinth (Table II). 

Test-tube experiments with the natural indicators showed that 
on adding 0.01 N acetic or butyric acids the indicators broke down 
and changed color in such a way that they could not furnish a 
very satisfactory criterion of penetration. Acids which affect 
the indicators in this manner probably enter the cell slowly as 
a rule and may cooperate with other factors to decompose (or 
isomerize) the indicator. 

The relative penetration of alkalies shown in Tables I and III 
agrees with the results of Harvey. — 

It is evident that as the hydrogen ion is the agent which causes 
the change of color in the cell (and doubtless is primarily respon- 
sible for the effect of acids on metabolism), we should test the 
penetration of the hydrogen ion in solutions which have the same 
hydrogen ion concentration. This, as far asthe writer is aware, 
has never been done. Accordingly, a series of acids having a 
hydrogen ion concentration of 0.01 Nn and of alkalies having a 
hydroxyl ion concentration of 0.01 N, was prepared by the use 
of the gas chain. The results are shown in Tables [V, V, and VI. 


TABLE IV. 
Browallia Petals. 


0.01 n hydrogen jon concentration (gas chain). 
Acetic. 
Formic. 
Lactic. 
Trichloroacetic. | 
Sulfuric. 
Oxalic. 
Nitric. Approximately 
Hydrochloric. all the same. 
Tartaric. 
Phosphoric. 
Citric. 
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TABLE V. 
Hyacinth Perianth. 


0.01 N hydrogen ion concentration 0.01 N hydroxyl ion concentration 


(gas chain). (gas chain). 
Acetic. Ammonium hydroxide. 
Formic. Sodium on 
Lactic. 
Oxalic. 
Tartaric. | 
Phosphoric. | 


Hydrochloric. Approximately 
Citric. all the same. 
Sulfuric. 
Nitric. 

Trichloroacetic. } 


When we compare the results obtained by making 0.01 N solu- 
tions by titration (Tables I, II, and III) with the results obtained 
by making solutions of 0.01 nN hydrogen ion concentration by the 
use of the gas chain (Tables IV and V), we see striking differences. 
The most interesting is the fact that acetic jumps from the bot- 
tom to the top of the list; a similar change is seen in the position 
of lactic acid while a much smaller change occurs in the position 
of formic acid. 

_ This is exactly what would be expected if the change in the 
color of the cell depends primarily on the penetration of the 
hydrogen ion. For when the solutions are made up, as in Tables 
IV and V, the hydrogen ion concentration of acetic acid is in- 
creased (as compared with the solutions in Tables I and II) more 
than the hydrogen ion concentration of lactic or formic, and con- 
sequently it ought to change its position on the list more than 
either lactic or formic. 

Formic acid (ionization constant 0.0214) dissociates more than 
lactic acid (ionization constant 0.0138) and the latter more than 
acetic acid (ionization constant 0.00187), so that in a 0.01 x 
solution of formic acid (made by titration) there is a much higher 
concentration of hydrogen ions than in 0.01 N lactic acid and 
0.01 N lactic acid has a greater hydrogen ion concentration than 
0.01 N acetic acid. Hence we should expect 0.01 N formic to show 
greater penetrating power than 0.01 N lactic, and 0.01 N lactic 
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greater than 0.01 N acetic, when the solutions are made up by 
titration as in Tables I, II, and III. 

If the concentration of the hydrogen ion were the only factor 
governing penetration, we should expect all the acids in Tables 
IV and V to penetrate at the same rate. As a matter of fact, 
acetic penetrates more rapidly than formic and the latter more 
rapidly than lactic while the rest go in more slowly than lactic. 
The reason for these differences must be left to further 
investigation. 

Similar considerations apply to the penetration of alkalies. 
If the hydroxyl ion concentration were the only factor governing 
the penetration of alkalies, we should expect both the alkalies 
in Table V to penetrate at the same rate, but we find that ammon- 
ium hydroxide penetrates more rapidly than sodium hydroxide. 

An apparent basis for comparing the rate of penetration of 
hydrogen and hydroxyl ions is afforded by Table VI. The 
material (root of red radish) shows a change whether placed in 
acids or in alkalies, and hence we may roughly compare the 
penetration of the two. This, however, is of doubtful sigmifi- 
cance because we are unable to say whether the changes in color 
produced by the acid and alkali correspond to equal changes in 
hydrogen ion concentration. 


TABLE VI. 
Root of Red Radish. 


Concentrations expressed as normal concentrations of hydrogen or 
hydroxyl ion (gas chain). 


Series A. N. 
| Series B. 
Series C 
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SUMMARY. 


1. Plant tissues containing natural indicators are admirably 
@ adapted for studying the penetration of acids and alkalies. 

” _ 2. The relative rate of penetration of the hydrogen ion in 
0.01 Nn solutions (made by titration) of acids and alkalies is practi- 
cally the same in the plants studied as that found by Harvey and 
Crozier for animals. 

3. Very different results are obtained when the solutions are 
made up with a hydrogen ion concentration of 0.01 N (by the use 
of the gas chain). We then find, for example, that acetic acid 
is at the top instead of at the bottom of the series (some other 
acids also change their position). This may be explained in 
part by the dissociation of the acids concerned. 
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THE ACIDITY OF PLANT CELLS AS SHOWN BY 
NATURAL INDICATORS. 


By A. R. HAAS. 
(From the Laboratory of Plant Physiology, Harvard University, Cambridge. ) 


(Received for publication, August 14, 1916.) 


The importance of ascertaining the actual reaction of proto- 
plasm has become more and more evident with the progress of 
investigation. In view of this, the writer has endeavored to 
discover to what extent natural indicators, found in living cells, 
can be utilized to determine their reaction. 

The value of this method is due to the fact that indicators 
show the actual rather than the total acidity, and it is the actual 
acidity which is of chief importance for life processes. The writer 
has found! that in plant cells there is no constant relation between 
the.two. 

The total acidity includes both the undissociated and the 
dissociated hydrogen ions, while the actual acidity depends only 
on the latter and is conveniently designated by the P,* numbers 
of Sérensen, which are the negative common logarithms of the 
numbers expressing hydrogen ion concentration. Thus if the 
hydrogen ion concentration is 1 Nn, the P,,+ number is 7.5. 

Before describing the results it may be of interest to mention 
briefly some previous contributions to the subject. 


It is stated by Pfeffer? that the red color of rose petals, beet roots, etc., 
indicates acidity, while the blue coloration of the bluebell and hyacinth 
is taken as an indication that these cells are neutral or slightly alkaline. 
He also states that treatment of the cells with acid or alkali may change 
the reaction without at once killing the cells and that upon thorough 
washing, the color of the normal reaction returns. Flowers of Pulmonaria 
have been observed to change from red to blue as they grow older, indicat- 


1 Haas, A. R., Bot. Gaz. (in press). 
2 Pfeffer, W., Osmotische Untersuchungen, 1877, 140; Untersuch. Bot 


Inst. Tribigen, 1886, 11, 293. 
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ing a change in the reaction. Kraemer* has succeeded in modifying the 
color of flowers by adding reagents to various kinds of soil. (When cut 
flowers and plants were supplied with dyes or color substances, only a 
few were carried as high as the flower, indicating that only certain sub- 
stances could be taken up by the plant and exert an influence on the color- 
ing matter in the flower.) Blue chicory flowers have been observed by 
Kastle and Haden‘ to change from blue to white and finally to brown, 
with practically complete destruction of the flower pigment, due in part 
to variations in acidity and in part to the oxidase action which completely 
oxidizes and destroys the flower pigment. The red, blue, and colorless 
solutions of the blue chicory flower pigment were found to be acid to phenol- 
phthalein and even the yellowish green solutions did not always give an 
alkaline reaction with phenolphthalein. The color change of phenol- 
phthalein is, according to Sérensen’s table, colorless to red, Py * 8.3 to 
P, + 10.0, which indicates that a solution may still be colorless to phenol- 
phthalein and be alkaline. 


The experiments of the writer were carried on with a variety 
of anthocyan pigments,® especially those of petals. Buffer solu- 
tions from P,,* 1 to P,+ 13 were made up by means of the gas 
chain, so that the hydrogen ion concentration of each solution 
was accurately known. Aqueous or alcoholic extracts of the 
pigments were made by rapidly macerating the petals in a mor- 
tar with the sclvent. The activity of enzymes in destroying 
the pigments required that in many cases the buffers be handled 
rapidly. The extracts were made as concentrated as possible 
and to each buffer solution the same number of drops of the ex- 
tract of pigment was added. The resulting colors are given 
in the following tables. Rapid decolorization of the pigment is 
indicated by a vertical line. Petals are used unless otherwise 
stated. 


’ Kraemer, H., Science, 1906, xxiii, 699; 1909, xxix, 828. 

4 Kastle, J. H., and Haden, R. L., Am. Chem. J., 1911, xlvi, 315. 

5 It is chiefly to Willstatter and his students that we owe our knowledge 
of the nature of anthocyan. Willstaitter, R., Ber. chem. Ges., 1915, xlvii, 
2831; Ann. Chem., 1914, edvul, 1; Sitzungsber. Akad. Wiss. Berlin, 1914, 
xl, 402; Ann. Chem., 1913, edi, 189. See also Crocker, W., Bot. Gaz., 
1916, Ixi, 349, and Wheldale, M., J. Genetics, 1914, iv, 113; 1910-11, i, 134; 
Proc. Roy. Soc., Series B., 1909, Ixxxi, 44; Proc. Cambridge Phil. Soc., 
1909, xv. 
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The colors were observed under a light of constant and excel- 
lent quality from a recently described lamp.* It was not con- 
sidered desirable to attempt a more accurate description of the 
colors because of the considerable degree of variation dependent 
upon the strength of the indicator. In radish the indicator was 
very dilute so that shades of red varied to shades of pink. Some 
petals, such as those of pansy and violet, contain very large 
amounts of anthocyan in comparison with others (such as light 
blue hyacinth, Browallia speciosa, etc.) and in extracts of the 
former the colors observed with buffer solutions more nearly 
match the normal color of the cells from which the indicator 
was extracted, as regards the intensity of the color. The num- 
ber of drops of indicator and the number of cc. of buffer solution 
used were always such that the results for a single indicator are 
comparable at the various concentrations of hydrogen ion. 

When crude extracts of the pigment are used, the indicator 
often decolorizes so quickly that it is necessary to filter as rapidly 
as possible (or the filtration may be omitted entirely if necessary). 
When extracts were somewhat purified the indicator remained 
more stable, even for long periods, which may indicate that in 
crude extracts the decolorization may be due (in part at least) 
to the action of enzymes. Some indicators when added to buffer 
solutions of hydrogen ion concentrations in the region of P,* 4 
to P,+ 6 rapidly decolorize, but upon the addition of very 
strong acid in sufficient quantity, the color characteristic of the 
indicator for acid solutions of P,*+ 2 or 3 reappears. This may 
indicate that the colorless condition of the indicator may be due 
to an isomerization of the indicator or the formation of a leuko 
base. 

The results showed very little difference whether crude alcoholic 
or aqueous extracts of the indicator were used. It seemed very 
surprising that cranberry juice indicator at P,,*+ 11 should give a 
pink color, but a redetermination of the buffer solution on the 
gas chain showed the previous determination to be accurate, 
and when the indicator was dried on paper it was shown that a 
drop of buffer solution of a strength of P,*+ 11 gave a pink color. 
Red beet juice may be bluish red when slightly alkaline. Hence 


* Luckiesh, M., Science, 1915, xlii, 764. 
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the pigments of some plant cells (when the indicator is used 
in vitro) May assume a more or less reddish color when alkaline. 

It is evident from a consideration of the results that the re- 
action of the cells studied ranges from about P,,+ 3 to about P,,*+ 8. 

In a number of cases the color of the flower changes as the 
flower fades, thus indicating a change in reaction which accom- 
panies the death of the cells. When Browallia petals are just 
expanded they are blue, but when past their maturity they may 
become somewhat blue-green in certain parts. Primula obconica 
at first has pink petals but later the color changes to a blue and 
then may become white. In comparison with Primula obconica 
it is well to consider Primula chinensis. The petals of Primula 
chinensis are normally red but later become blue, which color 
is permanent. This blue color results similarly when the petals 
are removed while red and are placed in a desiccator. 

These two Primula flowers, by the change of color in the petal 
cells, show a decrease in acidity when the cells become old or 
die. The data further indicate that the cells of Primula chinensis 
are still very slightly acid when the cells die. Such small amounts 
of acid cannot be detected by ordinary titration methods. If we 
call the buffer solutions acid up to P,,*+ 7, neutral when at P,,* 7, 
and alkaline when higher than P,,* 7, it is evident from the ex- 
periments that it is unsafe to call cell sap acid when red, neutral 
or alkaline when blue, and markedly alkaline when green, un- 
less the color changes of the particular pigment are first studied 
by some method such as that of using buffer solutions of known 
hydrogen ion concentration.’ 

Mann considered that the coloration of the anthocyan in the 
seed coat of cow-peas® indicated acid when rose or purple 
and alkali when blue or black, and that both the alkaline- 
and the acid-reacting anthocyanine may occur in the same cell. 
The writer was unable to find in microtome and hand sections 
of cow-peas (of different colors), fresh from immature and mature 
pods, any cases where the same cell contained both red and blue 
pigments before drying. The cells were mounted both dry and 
in water. It may be added that if the color comes out in water 
it indicates that the cells are dead. 


7 Crozier, W. J., J. Biol. Chem., 1916, xxiv, 443. 
® Mann, A., J. Agric. Research, 1914, i, 39. 
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In this connection the writer has made observations on several 
tropical flowers (Bromeliaceae) which have a blue pigmented 
portion merging into a red pigmented part. In fresh material 
no cells were found to contain both red and blue colors unless 
the section became dried, in which case one end of the red cell 
became blue and the blue color progressed along the cell until 
all of the cell was blue. Fresh material showed cells containing 
red pigment to adjoin cells containing blue pigment. The fact 
that blue cells never became red indicates that the blue pigment 
represents a decrease in the acidity of the cell sap. At P,*8 
the pigment extracted from both red and blue parts gave a bluish 
green coloration with buffer solutions, while at P,,*+ 9 the pig- 
ment extracts gave a green coloration with the buffer solutions. 
It is evident, therefore, that the blue color of a pigment is in- 
sufficient as a criterion of the reaction of the cell unless the pig- 
ment is first calibrated by solutions of known hydrogen ion con- 
centration. 


SUMMARY. 


1. In view of the widely accepted idea that the reaction of 
living cells must be neutral or nearly so in order that life may go 
on in a normal manner, it is of interest to find normal cells in 
which the reaction of the cell sap is decidedly acid (P,* 3). 

2. The prevailing opinion that the blue color of living cells 
always indicates an alkaline reaction is erroneous. It is found 
to indicate a decidedly acid (P,,*+ 3) to neutral reaction (P,* 7), or 
sometimes barely alkaline (P,,+ 7 to 8). 

3. A considerable change of reaction may occur in the cell 
as it dies (from P,,*+ 3 to P,* 7). 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXVIII, NO. 1 
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THE INFLUENCE OF BILE ON AUTOLYSIS. 


By ARTHUR L. TATUM. 


(From the Laboratory of Physiology of the University of Pennsylvania, 
Philadelphia.) 


(Received for publication, July 13, 1916.) 


While it is common knowledge that bile possesses very decided 
toxic properties, the literature on this subject leaves much to be 
desired in regard to the nature and mode of action of the active 
constituents. The substances which have been accredited as 
responsible for the toxicity are accordingly (1) the bile salts, 
sodium glycocholate and sodium taurocholate; (2) cholesterol; 
(3) bile pigments; and (4) lecithin. The possibility cannot be 
overlooked that the various groups of investigators, though ap- 
parently reporting conflicting results, are yet partially correct, 
depending upon the criteria used for their interpretations. It is 
quite probable that the different constituents of bile may act 
upon the various body structures quite differently, and thus be 
responsible for the diversity of opinion as to which is and which 
is not the toxic constituent. 

It has long been known that bile and bile salts have a power- 
ful cytolytic action (Rywosch (1) ) though the mechanism of 
this action does not appear, to my knowledge, to have been 
clearly defined. It is with such a problem that this paper is 
concerned. 

Small blocks of various organs were taken as soon as possible 
after killing an animal, placed in the freshly withdrawn bile, 
then allowed to stand in the incubator at 38°C. from 2 to 4 hours. 
The bile was then poured off, and the tissues fixed in Zenker’s 
solution. Sections were prepared in paraffin and stained with 
hematoxylin and eosin. There is found to have occurred a 
very marked alteration at the periphery of the tissues, while 
the central portions are unchanged. In*the peripheral margins, 
the nuclei have lost their capacity for staining with hematoxylin, 
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even losing all evidence of their former position or form. The 
cytoplasm takes the eosin stain, but most peripherally becomes 
pale or even disappears altogether, leaving merely the support- 
ing connective tissues. Within, the nuclei are pyknotic, forming 
a narrow zone of dense blackened nuclei just without the central, 
normally appearing, unaffected area. 

The depth of the changed cortical area depends upon several 
factors. These factors appear to be the penetration of the cytoly- 
tic agent, the character of the tissue, and the alteration produced 
in the affected zone. In regard to actual depth of action, it may 
be stated that nuclei in several specimens of series running for 4 
hours had completely disappeared throughout in tissues 0.3 to 
0.4 cm. in diameter. Consequently I lost many specimens be- 
cause they were too thin, or were left too long in the incubator, 
before I was fully aware of the rapidity of the reaction. 

The question then arose, what is the significance of this marked 
cell change? It is generally stated that bile or its salts have in 
themselves no digestive action, except perhaps a slight action 
on carbohydrates, but here is evidence of marked alteration, 
even of protein material. If the cytolytic action is a solvent 
process, it should act upon fibrin and other pure proteins, which 
it does not do. The reasonable explanation appeared to be 
that the autolytic processes of protoplasm are markedly acceler- 
ated by bile or certain of its constituents, and consequently it 
was found that no alteration could be demonstrated in the tis- 
sues, if previously to incubation in the bile they were killed by 
immersion for a minute in boiling water. This condition obviously 
is now comparable to the negative results obtained on precipt- 
tated proteins. Here the conditions necessary for autolytic 
processes are destroyed and hence the bile cannot exert its cyto- 
lytic action. Further evidence of this view of the action of bile 
is obtained in the following experiment. 


Tissues were immersed in bile, and placed, respectively, in the incubator 
at 38°C.; on the laboratory table at 25°C.; and in the ice box, at 0°C. 
After 2} hours the tissues were dropped into Zenker’s fluid and finally 
sectioned. On examination it was found that practically no action had 
occurred in the cold specimen, considerable in that at 25°C., and most 
in that kept at the optimum temperature of 38°C. This follows the law 
of enzyme action with respect to the influence of temperature. Further 
evidence of autolysis is the fact that those tissues most rapidly autolvzing 
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post mortem are those that are most affected by bile salts, namely, in 
order, adrenal, spleen, liver, thyroid, heart muscle, smooth muscle, volun- 
tary muscle, and lastly, connective tissue, which is not affected. 


Each block of tissue presents its own control, since the interior 
is unaltered, though under the same temperature influence. 
However, separate controls were studied in Ringer solution, in 
chloroform-Ringer, and in serum. In none of these instances 
did there occur the slightest evidence of autolysis during the time 
of incubation, 2 to 4 hours. In serum and alkaline Ringer solu- 
tions no autolysis could be expected, since serum (5) is known 
to be protective against autolysis and against hemolysis of eryth- 
rocytes, and alkalies (6) are also known to inhibit autolysis. 
According to some investigators chloroform-Ringer (7) should 
have given positive evidence of autolysis, but these authors 
allowed a longer duration of autolysis than that used in my bile 
experiments. Hence, while chloroform may be a real accelera- 
tor of autolysis, it is extremely weak compared to bile or bile 
salts. The same is true for acid solutions (8) which have been 
found to accelerate autolysis, but they are also extremely weak 
compared to bile action. As an illustration of this, on compari- 
son of the effect of 5 per cent bile in Ringer solution on a specimen 
of fresh thyroid gland it was found to be very much greater than 
the effect of 0.05 N or 0.025 n HCl on another specimen of thyroid 
gland. It will be recalled that the optimum concentration of acid 
for autolysis (Bradley (8) ) is near 0.05 N acid. I have repeat- 
edly found that diluted bile is considerably less active than whole 
bile. While I cannot say, from the criterion employed, that 5 
per cent bile is one-twentieth as active as whole bile, yet the 
effect of the optimum concentration of acid is very much below 
this 5 per cent bile; consequently the differences in activity are 
in all probability greater than the rough estimate I have given. 

End-points are not readily determinable by this technique, 
consequently only alterations in coagulable proteins that are 
subject to morphological differentiation as occurring in cell 
structures are used as criteria of rate and degree of autolysis. 

In order to ascertain, if possible, the relative importance of 
the constituents of bile, some analytic experiments were carried 
out. Gall bladder bile is known to vary considerably in its 
quantitative relations, consequently it was deemed advisable 
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to determine the amount of bile salts in a particular sample of 
bile and then make up solutions of commercial bile salts to the 
corresponding concentration. 


Sheep bile was obtained fresh from a near-by abattoir. A portion was 
placed in the ice box till analysis and special treatment of the other por- 
tions were completed. On analysis, according to the method given by 
Hoppe-Seyler (9), this specimen of bile was found to contain 10.44 per cent 
of bile salts. This figure was used as a basis of subsequent preparations 
in this experiment. 

To a third portion an equal volume of animal charcoal was added 
and it was then evaporated to near dryness over the water bath. This 
was extracted repeatedly with alcohol and each extraction filtered. The 
pale yellow extract was then evaporated to dryness over the water bath, 
when the residue was taken up by distilled water. By this means, most 
of the pigment and all of the mucin were removed. 


For autolytic tests, all solutions, unaltered bile, decolorized 
mucin-free bile, and solutions of sodium glycocholate and of 
sodium taurocholate were made up to 40 per cent of the original 
concentration as determined. Thus whole bile was made up 
to 40 per cent, as was the decolorized mucin-free bile. Sodium 
glycocholate! was made up to 40 per cent of the original salt 
concentration of bile, which made a 4.18 per cent solution. The 
sodium taurocholate! was marked ‘47.5 per cent,”’ consequently 
sufficient salt was weighed out to make a 4.18 per cent solution. 
Thus I was able to compare the action of equally concentrated 
solutions of bile, of decolorized mucin-free bile, sodium glycochol- 
ate, and sodium taurocholate. 

Approximately equal sized portions of absolutely fresh rabbit 
liver were placed in each of the four solutions and incubated 
at 38°C. for 2 hours. The tissues were then killed by Zenker’s 
fixative. 

The least penetration, as measured by the position of the zone 
of pyknotic nuclei, occurred in the specimen In sodium glycocholate, 
though the cytoplasm of the marginal cells had undergone con- 
siderable solution. Sodium taurocholate penetrated to a greater 
depth, equal to that of bile solutions, but no solution of cyto- 
plasm appears to have occurred. The decolorized mucin-free 
bile was practically similar in action to the solution of sodium 
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taurocholate, while the greatest amount of solution of cytoplasm 
occurred in the specimen immersed in unaltered bile. 

In this experiment it is found that whole bile has a total ac- 
tivity greater than that produced by corresponding concentra- 
tions of the bile salts? taken separately. It is also greater than 
that of bile treated with animal charcoal and alcohol. The 
character of the active constituents lost by this process I have 
not determined. The statement can be made, however, that 
whole bile contains a mixture of active constituents whose total 
activity is not equaled by bile treated with animal charcoal and 
alcohol, nor by corresponding concentrations of separate solutions 
of either of the bile salts. Further, the two bile salts appear to 
behave somewhat differently, the sodium glycocholate having 
the greater solvent effect on cytoplasm. This may be taken to 
indicate a degree of specificity of particular accelerators for auto- 
lytic processes. 

No precautions were taken to prevent bacterial action. The 
reaction is much too rapid to be ascribed to bacterial decompo- 
sition since in control experiments without bile no comparable 
changes are produced. Sellards (5) found necrosis to occur in 
the salivary glands in the living animal when injected aseptically 
with bile or bile salts; and furthermore, the results of the experi- 
ments of Bunting and Brown (11) on necrosis following intra- 
peritoneal injections of bile are not likely to be explained by 
bacterial contamination. Boiling the bile previous to its applica- 
tion to tissues does not diminish its activity, while no evidence 
of activity is found when boiled tissue is treated with unboiled 
bile. 

The conclusions drawn from the work here presented are the 
following. 

1. Bile is a powerful cytolytic agent. 

2. This cytolysis is produced by virtue of the co-enzyme or 
activating action of the constituents of bile on the autolytic 
enzymes or processes. 


? According to Long and Johnson (10) the various commercial prepara- 
tions of bile salts are subject to rather wide variations in actual concen- 
tration of the pure bile salts; consequently the comparisons will necessarily 
be held in some reserve. 
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3. Whole bile is more powerful though less penetrating than 
corresponding concentrations of either of the bile salts. 

4. Bile boiled down with animal charcoal and treated with 
alcohol has lost a portion of its activity. 

5. The maximum effects of bile or bile salts are many times 
greater than the effects of the optimum concentration of acids. 

6. Sodium glycocholate appears to affect cytoplasmic material 
more than does sodium taurocholate, though both affect nuclear 


material about equally. 

7. These facts, correspondingly, have to be considered in any 
study of the toxicity of bile, and may center attention on alter- 
ations in cellular metabolism produced in such intoxications, and 
furthermore, this agent may be of service in the study of the 
fundamental factors of autolysis. 
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THE RATE OF UREA EXCRETION. 


Il. THE RATE OF EXCRETION OF ADMINISTERED UREA IN 
YOUNG HEALTHY ADULTS ON A CONSTANT DIET. 


By T. ADDIS ano C. K. WATANABE. 


‘From the Laboratory of the Medical Division of Stanford University Medical 
School, San Francisco. ) 


(Received for publication, August 2, 1916.) 


This study of the rate of excretion of urea administered to 
young healthy adults who were on a constant diet was carried 
through in order to obtain detailed information as to the range 
of variation in the function of the normal kidney under uniform 
conditions. The work of Schlayer and others on water and 
chloride excretion by the kidneys has been interpreted as indi- 
eative of a wide variability in kidney action even under the same 
conditions. This variation is assumed to arise from the incon- 
stancy of what is termed the Reizzustand of the organ. On the 
other hand, Ambard believes that the kidney manifests no in- 
trinsic variability in function. He maintains that if the con- 
centration in the blood and in the urine of the substance excreted 
is known, the action of the normal kidney may always be pre- 
dicted with mathematical accuracy. 


We have found in the literature only two single experiments in which 
the rate of urea excretion after urea administration has been determined 
in man by dependable methods. Wolf! and Cathcart and Green? state 
that urea taken by mouth is quantitatively excreted within 24 to 48 hours, 
and Wolf showed that the rate of excretion was greatest in the first few 
hours after the ingestion of the urea. 

Achard and Paisseau,* McCaskey,‘ and Pirondini> showed that results 
which were of value in the detection of functional abnormalities in renal 


1 Wolf, C. G. L., Biochem. Z., 1912, xl, 234. 
* Cathcart, E. P., and Green, H. H., Biochem. J., 1913, vu, 1. 


* Achard, C., and Paisseau, G., Compt. rend. Soc. biol., 1904, Ivi, 894. 
*McCaskey, G. W., Med. Rec., 1914, Ixxxv, 507. 
’ Pirondini, E., Policlinico Sez. Chir., 1915, xxi, 259, 326, 398. 
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dienes may be obtained even when the unreliable —v method of 
urea estimation is used. ; 


The general plan we adopted was to measure the rate of excre- 
tion during a fore-period of 3 days, and during a period of 3 
successive days on which 20 or 40 gm. of urea were administered. 
The urine was collected every 4 hours during the day, and a 12 


hour collection was made at night. 
The subjects of these experiments were instructors, internes, 


and students. The ages were between 20 and 35 years. All 
were in apparent health. 


Methods of Urea Estimation. 


We had already planned and commenced this work, using Folin and Far- 
mer’s microchemical methods of nitrogen determination in the blood and 
urine, before Marshall’s description® of the urease method appeared. But 
after we had confirmed the accuracy of his method we used it exclusively, 
both for urine and blood analyses. It is unnecessary to give any of our 
figures in substantiation of the soundness of the principle of the method, 
since this has already been amply established. But we had to discard 
our earliest results until we had adopted the two following modifications 
in working with urine: 

1. At first we used 10 per cent thymol in chloroform as a preservative 
for the urine. We noted occasionally that the amount of urea found was 
less than the expected quantity, in spite of the fact that duplicate estima- 
tions checked perfectly. These were always cases in which the urine was 
alkaline in reaction. Part of the urea had already been converted into 
ammonium carbonate. In any neutral or alkaline urine this change takes 
place with great rapidity, at least in any laboratory where urine is a ma- 
terial which is commonly worked with. It is due to the action of urease- 
containing organisms. The usual urinary preservatives, such as thymol, 
chloroform, and toluene, all of which we tried, are not always able to 
prevent their action. Acting on Armstrong and Horton’s? finding, that the 
action of urease is absolutely inhibited by any concentration of H ions 
much above that found at the neutral point for litmus, we thereafter had 
the urine passed directly into vessels containing 20 cc. of n H,SO, for each 
4 hour collection. Except in the case of patients with an infection of 
the urinary passages, in which some urease-producing organism is present 
which decomposes the urine before it leaves the bladder, we have never 
since then had any trouble from this cause. 


® Marshall, E. K., Jr., J. Biol. Chem.; 1913, xiv, 283. 
7 Armstrong, H. E., and Horton, E., Proc. Roy. Soc., 1912, lxxxv, 109. 
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2. Another very necessary modification is the neutralization of the 
urine before adding the urease extract. Some urines are sufficiently acid 
to destroy such a considerable part of the ferment before it can commence 
to form ammonium carbonate that the urea present is not completely 
converted. We discovered this early in our work, since we had adopted 
the plan of running duplicate estimations to one of which a known amount 
of urea was added. An incomplete recovery of this urea, when a cor- 
responding quantity of urea in water was completely accounted for, could 
not be due to anything but some inhibitory substance in the urine. This 
inhibition only occurred with acid urines and was completely removed 
by bringing the urine to the neutral point for rosolic acid. This indi- 
cator was chosen, since it changes color just about the point of absolute 
neutrality. 

All the estimations reported here were carried out after the adoption 
of these two precautions—the collection of the urine in N H2SQ,, and its 
subsequent neutralization to the neutral point for rosolic acid. 

The details of the technique used for urine were as follows: The speci- 
mens of urine were measured in graduated cylinders. They were then 
poured into volumetric flasks and diluted to the mark with water, so that 
about 10 cc. of 0.1 N HCl would be required to neutralize the ammonium 
carbonate formed from 5 cc. of urine. This is accomplished by diluting 
the 4 hour specimens of the first 3 days to 500 cc., and the night urine to 
1,000 cc. On the 4th, 5th, and 6th days when urea is taken, the 4 hour 
specimens were diluted to 1,000 cc. and the night specimen to 2,000 cc. 
This high and nearly uniform dilution makes the end-points much easier 
to recognize. 

5 cc. of urine were pipetted from each specimen into each of three flasks, 
and about 100 cc. of distilled water and two drops of rosolic acid were added 
to each. All were brought to a first faint red color by adding the same 
amount of 0.1N NaOH. 2cc. of an aqueous extract of freshly powdered soy 
bean was pipetted into two of the flasks, and after the addition of a few 
drops of toluene and a known quantity of urea to one, they were corked 
and left until the following day. To the remaining flask, methyl orange 
was added and it was titrated at once with 0.1 N HCl until the first tinge 
of pink developed after the disappearance of the red color due to the rosolic 
acid. The amount of 0.1 N HCl required was noted, and to it was added 
the acid required to bring 2 cc. of the urease extract in 100 cc. of water 
to the same color. Next morning, using the same indicator, the two fer- 
mented flasks were titrated to the neutral point with 0.1N HCl. The acid 
was run in quickly until the red of the rosolic acid had disappeared. There- 
after it was added slowly, watching for the appearance of a -cloudiness 
which results from the precipitation of some substance in the soy bean 
extract. This occurs just before the end-point is reached and tends to 
obscure it somewhat. We found that we were helped in deciding as to 
the exact end-point if we observed the color of an added drop of methyl 
orange before it diffused through the fluid. A deep reddish brown color 
is given if sufficient acid has already been added. The flasks should not 
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be employed for any other purpose. Even slight traces of silver or cop- 
per salts interfere markedly with the action of the ferment. Solutions of 
urea of known concentration prepared from urea purified by repeated 
crystallization were estimated each day to check the activity of the soy 

bean extract. 


The Diet. 


The diet was constant as regards nitrogen, but provision was made 
for some degree of elasticity in the amount of carbohydrate taken. Each 
meal was well within the capacity of a moderate appetite. After it was 
finished a nitrogen-free cornstarch paste was served. When taken with 
a spoonful of jam and the small amount of cream which was provided, 
this made a pleasant dessert. If the subject were not hungry he could 
leave it out, taking only the cream, and if he happened to be hungry he 
could take it all. As a matter of fact all the subjects took some of this 
cornstarch, and nearly all of them took it all, so that the variation in 
water intake from this cause was not great. 

The meals at 8 a.m., 4 p.m., and 8 p.m., were similar and consisted of 
one egg, 50 gm. of bread, 10 gm. of butter, and 5 gm. of cocoa mixed with 
240 ec. of milk. The 12, noon, meal contaimed 150 cc. of Campbell’s tomato 
soup, neutralized with NaHCOs;, and heated with an equal quantity of 
milk, 50 gm. of bread, 10 gm. of butter, 50 gm. of potatoes, and one egg. 
180 ce. of water were taken with this meal, and this was the only water 
allowed, as such. A little NaCl was given with the egg. 

The total water content of the diet (including the 180 cc. of water and 
the water in the cornstarch) was about 1,710 cc. The protein content 
was 75.9 gm., the fat 120 gm., and the carbohydrate 220 gm., including the 
cornstarch. | 

We are much indebted to Miss Sloan, the dietitian of the Stanford 
Medical School, for the care she took in weighing and preparing this food. 


The Total Urea Excretion. 


In Table I, the averages and limits of variation in the total 
urea excretion for each day of the diet are given. These are 
compiled from the results obtained in thirty individuals who 
took 20 gm. of urea on the 4th, 5th, and 6th days of the diet. 

The effect of the variable quantities of nitrogenous food taken 
before the diet was begun does not last beyond the Ist day of 
the diet. In Table I, the averages for the 2nd and 3rd days are 
practically identical. In cases to whom no urea was given, the 
average for the 2nd day did not differ appreciably from those 
of the subsequent days. Thus in six subjects on the diet, who 
took no urea, the average 24 hour urea excretion for 6 successive 
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TABLE I. 
Averages and Limits of Variation of the Total 24 Hour Urea. 
Fore-period. 
Ist day. 2nd day. 3rd day. 

Average.| Highest. | Lowest.| Average. | Highest. | Lowest.| Average. | Highest. | Lowest 
17.40 | 22.8 12.9 15.78 19.2 10.7 15.45 19.5 9.4 
Urea period. 

20 gm. of urea at 8 a.m. each day. 
ith day. 5th day. 6th day. 

Average.| Highest. | Lowest. | Average. | Highest. | Lowest. | Average. | Highest. | Lowest. 
32.27 | 35.5 28.1 34.37 | 40.7 30.0 | 34.53 | 40.5 29.5 


days on the diet amounted to 16.8, 15.7, 15.9, 15.9, 14.9, and 
15.1 gm. With the diet we used, therefore, an equilibrium is 
reached on an average within 24 hours. _ 

The averages during the urea period show that the 20 gm. of 
urea administered are not quite completely excreted. There 
is a retention of a few gm. of urea which can be accounted for 
if the diet is continued for another day without giving urea. 
It is also noteworthy that there is a slight rise in the average 
excretion on each day during the urea period. 

The range of variation amounts to about 10 gm. a day and is 
quite as large in the fore-period as in the urea period. The main 
cause of this wide variation becomes apparent when the data 
are arranged in order of magnitude. It is then seen that the 
higher values are derived throughout from one group of individ- 
uals, and the lower from another. In Table II all the urea 
excreted while the diet was taken with the exception of the 
urea of the first day is given for each individual. 

The range of variation in Table II is due to some subjects 
having on every day of the diet a higher urea excretion than others. 
This explains the range of variation in Table I, for there the 
highest urea excretions for each day are derived almost without 
exception from the subjects BO, and Ad, who excreted more 
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254 Rate of Urea Excretion. II 
TABLE II. 
The Total Urea Excreted Excluding the 1st Day. 
(Arranged in order of descending magnitude.*) 
No. | Subject. | Urea. No. | Subject. | Urea. No. | Subject. | Urea. 
nd gm. gm. gm. 
1 Bo; 148.5 10 G 137.8 19 | Ais 127.2 
2 Ad 142.9 11 Si 137.2 20 Boy, 126.4 
3 C 140.8 12 F 136.1 21 | Bre 126.3 
4 Br, 140.2 13 Cr 134.9 22 i 8 125.6 
5 Wa 138.9 14 J 133.4 23 | Add 124.5 
6 P, 138.1 15 Se 131.2 24 Ke 124.2 
7 Ky 138.0 16 P; 130.7 25 | We 123.8 
8 D 138.0 17 Je 127.8 26 | Ai; 121.2 
9 Boy: 137.9 18 K; 127.6 27 |M 110.4 


* The totals of Boz, O, and W cannot be given, since one collection of 
urine was lost in each of these cases. 


than 140 gm. of urea in 5 days, and the lowest urea excretions 
for each day come from the subject M, who excreted only 110 gm. 

These constant differences in the level of urea excretion are 
certainly not to be ascribed to corresponding differences in the 
capacity of the kidneys of these subjects in excreting urea. If 
that were the case, the subject M would have had a high concen- 
tration of urea in his blood and tissues on account of very marked 
urea retention. But as a matter of fact, the blood urea concen- 
tration of M on the 3rd and 6th days of the test was only 0.0156 
and 0.0558 per cent, while the blood of BO; on these days had a 
concentration of 0.0261 and 0.0672 per cent. The subject M, 
who excreted the lowest amount of urea, had on the 3rd day 
of the diet the lowest blood concentration we have observed. 

The cause of these different levels in urea excretion lies in the 
existence of different levels in the rate of protein catabolism. 
Although M took as much protein as BO,, he did not excrete so 
much urea, because in his case presumably the amino-acids were 
in great part utilized in protein synthesis. In the case of BO, 
on the other hand, a much larger proportion was deaminized, 
with the resulting formation of larger amounts of urea. 

The variable factor introduced by the existence of these dif- 
ferent levels of protein catabolism in different individuals must 
be eliminated if we wish to compare the work of their kidneys 
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in excreting preformed urea. This will be accomplished if we 
accept the average excretion of the 2nd and 3rd days of the fore- 
period as a measure of the level of protein catabolism for each 
subject, and subtract this value from his urea excretion on the 
days when urea was given. The difference gives the rate of 
excretion of the preformed urea which was given at the same 
time and in the same manner to all. For convenience we have 
termed the results of this subtraction ‘‘administered urea excre- 


tion.”’ 


The Degree of Variation in the Rate of Excretion of Administered 
Urea. 


In Table III the rate of excretion of administered urea thus 
calculated is given for each subject for each day of the urea 
period along with the average excretion of each subject for that 
whole period. The average excretion of the fore-period is also 
given. Each column is arranged in order of descending magni- 
tude, so that some idea of the degree of dispersion may be ob- 
tained at a glance. | : 

Before the significance of these figures in Table III as indica- 
tive of functional variation in the work of the kidney can be 
appreciated, it is necessary to obtain some conception of the 
variation which might be introduced through the error in our 
method of calculating the amounts which we have termed adminis- 
tered urea excretion. For, although by taking the average 
excretion of the fore-period as representing the level of protein 
catabolism and subtracting it from the total excretion after urea 
administration, we have eliminated an inconstant factor—the 
variable rate of protein catabolism in different individuals— 
we cannot thus obtain a mathematically accurate representation 
of the rate of work of the kidney in excreting the administered 
urea. For there are not only differences in the rate of protein 
catabolism in different individuals; there are also smaller though 
not inconsiderable fluctuations from day to day in the same 
individual. These individual variations are not taken account 
of in our figures, since they are obtained by a method which as- 
sumes that the amount of urea obtained on the 2nd and 3rd 
days of the diet remains constant in each individual throughout 
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the 4th, 5th, and 6th days, whereas it is a universal experience 
that even under the most constant conditions urea excretion 
does not remain absolutely uniform in any individual. Folin® 
for instance found a variation of 5.6 to 8.1 gm. of urea within 
a few days in the same individual on his starch-cream diet. 

A simple inspection of the arrangement of the subjects in Table 
III in the fore-period as compared with the urea period strongly 
suggests that we have failed to measure accurately the rate of 
protein catabolism. Those subjects who have the highest excre- 
tion in the fore-period have very often the lowest excretion of 
administered urea, and vice versa. It would seem that we have 
overestimated the rate of protein catabolism in some and under- 
estimated in others, an error which introduces a false variability 
in the calculated rates of excretion of administered urea. 

It is probable therefore that in reality the rate of excretion 
of administered urea by the normal kidney has a greater uni- 
formity than that recorded by our figures, since they are influenced 
not only by the possible variability of kidney action, but also 
by the known variability in each individual from day to day of 
all those extra-renal factors which are conveniently grouped 
under the term “protein catabolism.”’ 

In order to obtain a conception of the true variability of kidney 
function in dealing with administered urea, we must compare 
a group of subjects who took no urea with a group of those who 
did. If it were found that there was a greater degree of varia- 
bility in the urea group, it would be permissible to ascribe the 
increase in variability to inconstancy in the rate of excretion of 
administered urea by the kidneys.® The difference in the vari- 
ability of the two groups would be a measure of the variability 
of kidney function. 

We accordingly placed six subjects under the same conditions 
observed for the urea group recorded in Table III, except that 
they took no urea. Any differences between the individual 
averages of the 2nd and 3rd days and the amounts of urea ex- 
creted on the 4th, 5th, and 6th days, represent the extent by 


8 Folin, O., U. S. Dept. Agric. Report, 1911, xciv, 233. 

*It has been well established, contrary to what might have been ex- 
pected, that urea has no influence on protein metabolism (see Abderhalden, 
E., Z. physiol. Chem., 1915, xevi, 1). 
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which we would have overestimated or underestimated the 
amounts of ‘‘administered’’ urea excreted, if they had taken 
any. These differences for each subject and for each period 
are detailed in Table IV in the same way as for the urea group. 
When the average of the 2nd and 3rd days is exceeded, the dif- 
ference is given as plus; when it is less, the difference is minus. 

In comparing the degree of variability of the groups in Tables 
III and IV, the average deviation is a much better measure 
to employ than the simple range of variation, since it takes all 
the variations into account, and not only the most extreme. The 
average deviation!® is the average of all the differences between 
the individual amounts and the average amount for each group. 
These differences are added without paying attention to plus 
or minus signs, and the sum divided by the number of individuals 
in the group gives the average deviation. 

These values are given at the foot of Tables III and IV. 
It will be noted that there is no marked or constant differ- 
ence in the variability of the two groups at any period. The 
most representative period of all is the average of the individual 
24 hour excretion of the 4th, 5th, and 6th days. The average 
deviation for this period in the urea group is 1.40, while it is 1.41 
for those who did not take urea. 

Since there is no appreciable difference in the degree of varia- 
bility of urea excretion between those who took urea and those 
who did not, we may conclude that the variability found in the 
calculated rate of excretion of administered urea may be ac- 
counted for by the variation in the rate of protein catabolism 
from day to day in the same individual. And although we can- 
not positively assert that there is no variability in the rate of 
excretion of administered urea! yet any variability which may 
exist must be of slight extent—so slight that we are not able to 
demonstrate its existence. 


10 Yule, G. U., An Introduction to the Theory of Statistics, London, 
1912, 144. 

11 Dr. E. S. Kilgore, who suggested the use of the average deviation in 
comparing the variability of the groups with and without urea, also pointed 
out that the ‘“‘probable error’’ of these average deviations was such that 
some variability in the rate of excretion of administered urea could not 
definitely excluded. 
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This result appears to us to be of particular interest on ac- 
count of the widely prevalent conception of the essential varia- 
bility of normal kidney function under supposedly constant 
conditions, a view which is derived from the work of Schlayer 
and others. 


The Percentage of Administered Urea Excreted During Successive 
Periods of the 24 Hours. 


After the ingestion of 20 gm. of urea there is an almost in- 
stantaneous increase in the urea concentration of the blood 
which continues until a maximum is attained about 23 hours 
later. Thereafter there is some decrease, and there follows 
throughout the remainder of the 24 hours a succession of fluctua- 
tions at concentrations which all remain above the level observed 
before the urea was taken. The total urea excretion is also 
immediately increased, but there is no definite rise and fall from 
a maximum, and in general no close relationship is evident be- 
tween the urea concentration in the blood and the rate of urea 
excretion. The rate of excretion is greatest during the first 8 
hours, and thereafter decreases and reaches its lowest level dur- 
ing the sleep of the night. This decrease, though in general 
constant, may show considerable fluctuations during short in- 
tervals. These points are illustrated in the following protocol 
which records observations made on a subject who took 20 gm. 
of urea at 8 a.m. while on the diet. 

The rapidity of urea absorption is shown by the considerable 
increase in blood urea concentration as early as 10 minutes after 
the urea entered the stomach. Thereafter the urea was entering 
the blood more rapidly than it was leaving it through the kid- 
neys and into the tissues, so that for 23 hours at least the blood 
concentration was rising. As the rate of tissue absorption and 
kidney excretion became greater than the rate of entry of urea 
into the blood from the alimentary tract, the blood urea concen- 
tration gradually fell. The subsequent fluctuation in blood 
urea concentration is not atypical, for we have made similar ob- 
servations in other cases. It is interesting to note that the sharp 
rise in blood urea concentration is not duplicated in the curves 
of urea excretion or of urine concentration. The greatest rate 
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TABLE II]. 


Total urea excreted (fore-period) . 


Administered urea excreted after the ingestion of 20 gm. of urea calculated by subtracting the total urea of the fore-period from the total urea of the urea period. 


Average of 2nd and 3rd days. 4th day. 5th day. 6th day. Average of 4th, 5th, and 6th days. 
24 hrs. 12 hrs. 8 hrs. 24 hrs. 12 hrs. 8 hrs. 24 hrs. 12 hrs. 24 hrs. 12 hrs. 24 hrs. 12 hrs. 8 hra. 
$8 a.m.-8 a.m. 8 a.m.-8 p.m. 8 a.m.-4 p.m. 8 a.m.-8 a.m. 8 a.m.-8 p.m 8 a.m.-4 p.m 8 a.m.-8 a.m. 8 a.m.-8 p.m. 8 a.m.-8 a.m. 8 a.m.-8 p.m. 8 a.m.-8 a.m. 8a m.-8 p.m. 8 a.m.-4 p.m. 
Subject. | Urea | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. Subject. | Urea. | Subject. | Urea. Subject. | Urea. | Subject. | Urea. | Subject. | Urea 
gm. gm. gm. gm. gm. gm. gm. gm. . gm. gm. gm. 

D 18.24, F 10.68} Bo, | 6.88| M 19.94, M 15.75} Ad | 11.37} Bo, | 22.87) Bo, | 17. Br, | 24.541 Ais | 17. Boy, | 20.41) Ai, | 15.90) M 12.92 
7.071 G 10.11} Ad 6.83 | 19.831 K; 14.43} M 11.26) Ai, | 21.56) 16.78 22.84, S, 17.51 M 20.27, B 15.66} Br, | 11-25 
Bo, | 17.871 Ad 19.00] de 19.26, We | 14.244 We 10.94) Boy, | 21.39} M 15.90 Boy, | 22.57) B 16.79 Ai. | 20.15) M 15.56 D 11.23 
J 17.61, Bo; |9.89| G 6.57| Ad | 18.69} Ai, | 14.21] 10.751 M 20.91| Ais | 15.83 K, 21.39 Pi 16.37 Br; | 20:12) Je 14.91} K, 11.21 
G 17.54 J 9.84} J  |6.57| We | 18.261 Bo. | 13.80) F 10.51} Ad | 20.55} | 15.70 P, 21.21; 16. 19.87, 14.71| Bo, | 11-20 
Bo, Cc 9.74! Cr 6.51] Wa | 18.17] Ad 13.56 Je 10.49 Je 20.54 We | 15.56 | 21.11) Br, | 15.73 Je 19.84, We | 14.52) We | 11.20 
Wa | 17.29} Br, |9.68| W 6.28| Ais | 17.78 Je 13.53; Bre | 10.19) P, 19.98} Je 15.53 P, 20.40| Je 15.68 Bo; | 19.72) P, 14.32} Br, | 11 10 
Boy: | 17.25} D 9.54! P, 6.19 | Cr 17.47; B 13.42) Cr 9.69} K, 19.744 W 15.41]. K, 20.28} Boy: | 15. S: 19.52} Boz: | 14.20) Je 10.98 
S: 17.16} Bo. |9.24| D 6.15) K;, 17.28; Br, | 12.95) Ky 9.32} Br. | 19.65} K; 15.23 M 19.95 15.51 Ad 19.50} D 14.12} K, 10.62 
17.12} W 9.19| Br. |6.07| B 17.27, Cr 12.82) Add | 9.28) Ai, 19.41} Ai; 14.83 Br: | 19.944 D 15.35 P; 19.16 14.03} 10.53 
Ad 16.89} Bre | 9.13] Br, |6.05| 17.10} Add | 12.73} D 9.271 We |19.40| Br; | 14.74 K; 19.79} Bre | 15.17 K, 19.10} Bo, | 13.95} Ad 10. 43 
O 16.65) 9.121 5.83 | Bo, | 16.97) S&S, 12.59|  P, 9.17; 19.26, 14.46 J 19.73} M 15.02) C 18.71; Br; | 13.93) Boy, | 10.38 
Cr 16.55)  O 9.09| We |5.80|} Add | 16.81} D 12.54, B 9.09! 19.00 14.45 C 19.70| Bo, | 14.95 P, 18.24 Ad 13.86] P, 10.13 
16.14] 9.00! B 5.79 | Bo. | 16.80) K, 12.54, Bo, 9.02} C 18:72} Boy, | 14.19 Bo, | 19.33) W 14.67 We | 17.92) Boy, | 13.84) F 10.02 
Kk, 16.14; Boy: | 8.94 Si 5.79 C 16.72) F 12.48} Boy: | 8.93) P, 18.69} Boy: | 14.16 Ad 19.26) Boz | 14.64 Br. | 17.86; Boy: | 13.82) B 9.95 
W 15.93) 8.40| Ks 5.52) F 16.29! Bo, | 12.37) 38; 8.03 W 18.33} 8, 14.03 G 18.22} 14.07 Wa |17.51| K; 13.36} Add | 9.28 
15.74, Ai, |8.39| Add | 5.42] Br, | 16.17; Boy, | 11.79} G 8.01; G 18.04, K, 13.92 Wa | 17.89] Ks 13.78 B 17.50} C 13.33) 9.23 
P, 15.21; P, 8.13 | Ky 5.38 | Br. 15.92) Bri 11.32) J 7.971 B 17.96 13.71 Add | 17.80} We 13.7 Cr 17.39} Cr 13.00} J 9.08 
K; 15.01; 8; 5.35| D 15.721 C 11.09} K; 5.07} Cr 17.89} Add | 13.63 Ww 17.53] 13. Add | 17.37| Add | 12.78) G 8.97 
Al 14.73 Als 7.69 Boy, 5.11 Boye 15.15 S: 10.92 Aly 4.75 Bre nape K, 13.59 B 17.27 Boy: 13.62 Boy: 17.23 K; 12.68 K; 8.95 
Br. | 14.56 -K; 4.89) Se 14.88) J 10.82 Bo, | 17.64 Br. | 13.31 Boy: | 16.95} 13.62 G 16.72} G 12.67) Ai: 8.21 
B 14.23} Add |7.55| Ai, |4.80| P, 14.81; G 10.65 Add | 17.49} Cr 13.24 Cr 16.82} Cr 12. D 16.46) P; 12.63 
We | 14.02! Je 7.51| M 4.40 ; 13.90} Ai, 10.45 O 17.37 13.02 D 16.61 12.81 Ai; 15.85} F 12.29 
Add | 13.97) B 7.46 J 13.85) Ps 9.48 D 17.04 12.97 We /|16.10| S, 12.78 F 15.44, J 12.19 
Je 13.66 Kg, 7.41 K; 13.57, Ks 9.04 J 16.53} Sz 12.84 F 15.84 12.72 S: 15.14, S, 12.18 
Ais 13.36; Boy: | 7.23 Ay 13.35 Wa | 16.48] P, 12.12 S: 15.18} Ad 12.33 J 15.14 Ai, | 11.84 
Boy: | 13.055 M 6.39 S. 15.36 11.58 J 15.03} Add | 11.98) 
K, 12.93 F 14.1 Ai, | 14.79} Ai, | 10.25 
M | 10.12 

Average..| 15.67 8.74 5.87 16.64 12.40 9.13 18.7 14.39 10.87 18.85 14.47 11.13 18.14 13.71 10.30 


(Addis and Watanabe: Rate of Urea Excretion.) 
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TABLE IV. 


Average urea excreted (fore-period). 


No urea ingested. Differences found on subtracting the average urea excretion of the fore-period from the urea excretion of the following period. 


Average of 2nd and 3rd days 4th day. 5th day. 6th day. Average of 4th, 5th, and 6th days. 
24 hrs. 12 hrs. | 8 hrs. 24 hrs. 12 hrs. 8 hrs. 24 hrs. 12 hrs. 8 hrs. 24 hrs. 12 hrs. 8 hrs. 24 hrs. 12 hrs. 8 hrs. 
8 a.m.-8 a.m. 8a.m.-8p.m. | 8a.m.-4p.m. S a.m.-8 a.m. 8 am.-8 p.m. § a.m.-4 p.m. 8 a.m.-8 a.m. 8 a.m.-8 p.m. 8 a.m.-4 p.m. 8 a.m.-8 a.m. § a.m.-8 p.m. 8 a.m.-4 p.m. 8 a.m.-8 a.m. 8 a.m.-8 p.m. 8 a.m.-4 p.m. 
| 
Subject. | Urea. | Subject. | Urea. | Subject. Urea. | Subject. | Urea, | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. | Subject. | Urea. 
gm. - | gy. gm. | gm. gm. gm gm. gm. gm. gm. gm. gm. gm. gm. gm. 
Ch 18.30' Ch (10.14 | Ch 6.39 | +3.37| Ad +2.58; Ad +3.03) T +2.03) Ad +2.76| +3.03;) T +2.90} T +1.28) +1.05} T +2.77| Ad +2.20; Ad +2.3 
St 16.55 St 6.09 Ad +1.50| T +0.17;| Sh +0.77| Ad +1.80' T +1.43) T +1.41 Ad +1.08} +1.26, T +0.84, Ad +1.46; T +0.96} T +0.85 
Ad 16.08} Ad | 8.82] We 5.85 We —0.40; Sh +0.15; Ch +0.36; We —1.57| St —0.12) St +0.15} Ch +0.12} Ch —0.30) Ch +0.48; We —0.73;| Sh —0.59| We /|+0.13 
Sh 15.87 We 8.80; Ad ej 5.55 St —1.23} Ch +0.03) T +0.30} Sh —1.98} We —0.61 We —0.09| We —0Q.23} Sh —0.69;} Sh —0.37| Sh —1.92)} We —0.74, Ch +0.08 
We 14.68) Sh 8.28 | Sh 5.23 Sh —1.92; We |—0.465 We /+0.21; St —2.17; Sh —1.23} Sh —0.49| Sh —1.865 We {|—1.15) St —0.39) Ch St —Q.74, Sh +0.03 
T 7.12 | 4.68 Ch —2.93| St —0.90; St —0.27; Ch —3.69' C. —2.19| Ch —0.60) St —4.29) St —1.20| We —0.51; St —2.43| Ch —0.82; St —0.17 
Average..| 15.76 8.72 | 5.63 | —0.27 +0.26 ~0.73 ~0.76 +0.01 +0.56, ~0.38 +0.13 |+0.18 —0.50 +0.04 +0.55 
Average deviation...... sas 1.62 0.60 0.69 1.44 1.38 0.72 1.30 0.85 0.43 1.41 0.97 0.65 
| 


(Addis and Watanabe: Rate of Urea Excretion.) 
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Time at which 
biood was 
collected. 


Hourly 
urea ex- 
cretion. 


Urine 
urea 
concen- 
tration 
per 1 

ce. 


Times between 
which urine 
was jcollected. 


Remarks. 


7.350 a.m. 


8.20 
8.40 sé 
9.07 
9.30 
10.30 sc 
iw” 
12.30 p. m. 
1.30 


3.30 


5.30 sé 


8.00 a.m. 


0.0427 


0.0540 


gm. 


0.91 


1.78 


193 


107 


gm. 


0.64 


0.92 


bo 


~ 


7-8 a.m. 


S—9 sé 


49-10 


10-11 “ “ 
11 a.m.—12n. 
12 n-1 p.m. 
1-2 p.m. 
2-3 
3-4 
4—5 


5H“ 
7-8 
S-g «& 


9-10 “ “ 
10 p.m.-7 
a.m. 

7-8 a.m. 


S—9 


Rose from bed at 7 
a.m. 

At 8 a.m. began 
drinking 360 ce. 
water with 20 gm. 
urea. At 8.10 
breakfast. 


At 12 n. lunch. 


At 4 p.m. afternoon 
meal. 


At S p.m. evening 


meal. 


Sleeping from 10.30 
p-m.—/ a.m. 
Rose from bed at 7 


a.m. 


of urea excretion corresponds with the maximum volume oi 
urine, not with the highest blood concentration. 

The problems raised in connection with the relationship be- 
tween the rate of urea excretion and the blood urea concentra- 


tion will be dealt with in a subsequent communication. 


We refer 


to the blood here only to emphasize the fact which has already 
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Blood | | | 
urea | | 
per 100 urine. | | 
ec. 
(0.0300 
| | | 
| | 
| 7 | | 
0.0473 | | | | 
0.0517 | | 
| 100 
0.0577) | 
0.0682} 2.17 | 78 | 2.78 | 
0.0607| 1.89 | 69 | 2.75 | 
0.0514 2.00} 79 | 2.53 
0.0495| 2.06 | 104 | 1.99 | 
G@@ | 2.92 | 245 | 1.20 | 
1.71 | 1.59 | 
0.0495) 1.70 71 | 2.38 | 
1.83 | 85 | 2.15 | | 
1.68 | 91} 1.84 | | 
0.0346) 1.20; 51 | | 
| 
1.80] 75 | 
1.58 | 107 1.48 | | 
| 0.99) 51 1S | 
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been demonstrated by Marshall and Davis," that administered 
urea is not heaped up in the blood, but exists for the greater 
part in the tissues and is gradually withdrawn from them for 
excretion by the kidneys. But the relatively high degree of 
uniformity in the rate of passage of the administered urea through 
the kidneys is not apparent in the figures of the total urea excre- 
tion. These figures show irregular fluctuations from hour to 
hour, due in the main to the varying rate of formation of urea from 
food and tissue protein. By subtracting the average total ex- 
eretion of the 2nd and 3rd days from the excretion of the urea 
period, as has been done in determining the degree of variability 
in the rate of excretion of administered urea, we eliminate the 
differences which exist between different subjects, although 
individual variations will still prevent more than an approxima- 
tion being reached. Nevertheless it would seem to be advisable 
to express the calculated rate of excretion of administered urea 
during different periods of the 24 hours in terms of a percentage 
of the 24 hour excretion of administered urea, because such an 
expression may prove of value as a standard of comparison in 
detecting functional abnormalities of the kidney. 

It has long been known that the amounts of the various con- 
stituents of the urine tend under normal conditions to be excreted 
in larger proportion during the day than during the night; it has 
also been frequently observed that this relationship may be re- 
versed when the kidneys are diseased, so that the night quanti- 
ties are greater than those of the day—a condition known clini- 
cally as nocturia. The current theory as to the reason for noc- 
turia implies that it arises from an inability on the part of the 
kidneys to overtake all the extra work thrown on them during 
the day, so that part of the excretory products are retained to 


be eliminated during the night. If this explanation be correct, 


our procedure should provide conditions for the revelation of 
any latent tendency in this direction, for it involves a marked 
and sudden call for increased work by the kidneys at the com- 
mencement of the day period. 

We have therefore worked out for each subject the percentage 
of the 24 hour excretion of administered urea eliminated during 


12 Marshall, E. K., Jr., and Davis, D. M., J. Biol. Chem., 1914, xviii, 53. 
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the day and night periods, and also during the first 8 hours of 
the day, the period throughout which the maximum rate of excre- 
tion is found. In Table VI these percentages are given for the 
individual average excretions of the 4th, 5th, and 6th days. 


TABLE VI. 


The Percentage of the 24 Hour Excretion of Administered Urea Eliminated 
During Successive Periods of the 24 Hours. 


(Calculated from the averages of the 4th, 5th, and 6th days). 


8 hrs. of day. 12 hrs. of day. | 12 hrs. of night. 
8 a.m.-4 p.m. 8 a.m.-8 p.m. 8 p.m.-8 a.m. 


Subject. Percentage. Subject. Percentage. Subject. Percentage. 


D 85.7 P, 34.0 
We 81.0 Boy; 30.2 


Wem, 


~] 
~J 


> 

hoy 

D 

the 


ee 
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bo 
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Average.. 57.1 


In every case more than one-half of the 24 hour excretion of 
administered urea appears during the first 8 hours, and there is 
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not more than about one-third at most excreted during the 12 
hours of night. The average day excretion is more than three 
times greater than that of the night. 3 

The existence of a condition described as “kidney fatigue’’ 
has been hypothecated by some observers!* to explain certain 
experimental results. Whether this view is justified or not, we 
certainly have no evidence of any such condition in these experi- 
ments, although the addition of a heavy load on the work of 
the kidneys for 3 successive days might be expected to elicit 
such a state. On the contrary we find that the average percent- 
age excreted during the first 8 hours after urea administration 
increases slightly, from 54.9 per cent on the 4th day, to 58.3 
per cent on the 5th day, to 59.3 per cent on the 6th day. 

Urea taken by mouth by virtue of its extreme diffusibility is 
quickly and evenly distributed throughout all the tissues of the 
body. As the urea content of the blood is lowered by the secre- 
tory activity of the kidneys, the urea is gradually returned from 
the tissues to the blood, and is excreted. The constancy in the 
rate of excretion of administered urea shows that there must be 
a relationship at any one period of the 24-hours between this 
rate of excretion and the amount of the administered urea still 
remaining in the body. The exact range of variation in this 
relationship will of course not be exactly determinable because 
of the individual variations in protein catabolism, but the aver- 
ages for the different periods should give a close approximation. 
This relationship, expressed in the form of the percentages of 
the administered urea within the body which were excreted at 
successive 4 hour intervals during the day, is given in Table VII. 

There seems to be a fairly constant relation between the rate 
of excretion and the amount of administered urea in the body. 
The lowest percentages are found during the first 4 hours of 
each day. This might have been ascribed to the fact that the 
20 gm. of administered urea require some time to be absorbed. 
But this is not a valid explanation, for we know that at the 
very commencement of this period the blood urea concentration 


13 D’Amato, L., and Fagella, V., Z. klin. Med., 1911, Ixxii, 474. Schlayer, 
C., Verhandl. kong. inn. Med., 1912, 501. Mosenthal, H., and Schlayer, 
C., Deutsch. Arch. klin. Med., 1913, exl, 217. Lindemann, Ergebn. Physiol., 
1914, xix, 652. 


$ 
i 
2 
& 
& 
} 
id 
9 
3 
be 
| 
| 
7% 


T. Addis and C. K. Watanabe 


TABLE VII. 


263 


The Relationship between the Average Amounts of Administered Urea Ex- 
creted During Successive 4 Hour Intervals after the Ingestion of 20 Gm. 
of Urea, and the Average Amounts of Administered 


Urea within the Body. 


; Administered urea |‘ iministered urea administere 
Daw. Period. body at com-;| ureain the body 
| hours. 

4th 8 a.m.—12 n. | 4.82 20.00 24 

12 n.—4 p.m. 4.37 15.18 29 

4-8 p.m. 3.23 10.81 30 

5th 8 a.m.—12 n. | 5.64 23.02 24 

12 p.m. | 31 

4-8 p.m. 3.38 12.01 | 28 

6th 8 a.m.—12 n. 6.01 24.22 25 

12 n.—4 p.m. 9.23 18.21 29 

4-8 p.m. 3.24 | 12.98 25 


rises rapidly to a level above that existing during the remainder 
of the day, so that the mean blood urea concentration is higher 
for this period than for any other. One would therefore ex- 
pect that the largest instead of the lowest proportion of the ad- 
ministered urea in the body would have been eliminated. This 
is a good example of the fact that there are conditions under which 
there is not always a direct relationship between the concen- 
tration of urea in the blood and the rate of urea excretion. 


The Rate of Excretion of Administered Urea after the Ingestion 
of 40 Gm. of Urea. 


After the above data on the rate of urea excretion after the 
ingestion of 20 gm. of urea had been accumulated, we proceeded 
to determine the effect of the administration of double that 
amount of urea. 

Nine subjects took 40 gm. of urea under the same conditions 
as before, except that the subjects Ky, Bo3} Br, and Ca took the 
urea dissolved in 720 ce. of water instead of 360ce. Unfortunately 
4 hour collections were not made during the fore-period, so that 
we can only give the rate of excretion of administered urea for 
24 hour and 12 hour periods. The results are given in Table VIII. 


4 
4 
4 
* a 
4 
= 
* 
i i 
Be 
| 
2 
4 
3 
| 
| & 
> 
; 
; 
| 


90° 62 Ib CL IF OF SE 116 9T | 

*OM 'M Va (09°92) “4S ce) FZ |. "M | OT) co 8) Ad FT| OT 
PA Jd (68°62; Va BO [8922 | "US | US| 16) 'M 
Go BO |80'6E OT Ie) SUS 9S Pa (20°82) Pa S098 | FA 996), BF) FO LT} VO 
4d |99°OF| Ad OT Lh) Ad [OF SE} |FL OT 62 Iq 88 | SO 6t! 

‘Bal ‘wal =, ‘Bal = val} Bows) ‘Bal } ‘Bol = ‘wal | 
‘urd g g- g ‘urd g g | ‘urd g | ‘ure g ‘ure g | | -| ‘urdg-weeg | ‘ure 
pus JO 49 ‘ABp ‘Aup ‘sABp Plg PUB PUZ JO 


‘BAIN JO “WIS JO UOT}SUBUI OY} 


(pOtted-a10}) 


BAIN [BO], 


WIA VL 


264 


i 
| 
| | 
> 
3 | | 
| 
| 
| 
| 
| 
| 
i 
| 
3 
¥ 
4 
| 
2 
4 
: 


T. Addis and C. K. Watanabe 265 


The average deviations show that the rate of excretion of ad- 
ministered urea is quite as constant after 40 as after 20 gm. 

The average percentage of the 24 hour excretion of administered 
urea eliminated during the day and night periods was 75.6 per 
cent for the day time and 24.4 per cent for the night, as compared 
with 75.5 and 24.5 per cent after the ingestion of 20 gm. of 
urea. The ranges of variation were from 78 to 74 per cent for 
the day, and from 26 to 22 per cent for the night. 

The relationship between the rate of excretion of administered 
urea and the amount of administered urea within the body is 
also substantially the same. After 40 gm. of urea the percentage 
of the administered urea within the body which was excreted 
during the 12 hours of the day was 64 per cent, whereas after 
20 gm. of urea it was 61 per cent. 

At the completion of the urea period an average of 4.46 gm. 
of the administered urea remained within the body when 40 gm. 
of urea were taken. ‘The average amount after 20 gm. was 4.96 
gm. The retention of this urea is not to be ascribed to an inabil- 
ity on the part of the kidneys to excrete it. It is retained be- 
cause it has never been brought to the kidneys for excretion. 

It would be useless to attempt by giving larger doses of urea 
to reach any absolute limit to the capacity of the normal kidney 
in excreting urea since no such limit exists for any dose of urea 
that it is possible to give. As long as sufficient water is avail- 
able the rate of excretion will increase with every increase in 
the amount of urea ingested. 


*CONCLUSIONS. 


1. In thirty-nine experiments on young healthy adults no evi- 
dence of variability in kidney action could be obtained in the 
work of excreting preformed urea added to a constant diet. Such 
variation as was found in the amounts of urea excreted could be 
fully accounted for as arising from extra-renal factors. It is 
concluded therefore that the normal kidney under constant 
conditions is characterized by the possession of a high degree of 


constancy of function. 
2. The rate of excretion of the administered urea during suc- 


cessive periods of the 24 hours showed that the repetition of 
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large doses of urea did not elicit the condition which has been 
described as ‘‘kidney fatigue.” 

3. A fraction of the urea which was administered remained 
in the body after 24 hours. This urea was not retained because 
of any failure on the part of the kidneys to eliminate it, for the 
amount retained was no larger when 40 than when 20 gm. -of 
urea were taken. 
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THE VOLUME OF URINE IN YOUNG HEALTHY 
ADULTS ON A CONSTANT DIET. 


By T. ADDIS anp C. K. WATANABE. 


(From the Laboratory of the Medical Division of Stanford University Medical 
School, San Francisco. ) 


(Received for publication, August 2, 1916.) 


In the course of an investigation into the conditions controlling 
the rate of urea excretion, we have accumulated data in regard to 
the volume of urine of subjects on a constant water intake, which 
are of themselves of interest as illustrating the wide range of 
variation of this factor, and may further prove of value in defin- 
ing the limits beyond which a given volume of urine may prop- 
erly be regarded as abnormally large or small. 

The diet has been detailed in the previous paper on the rate of 
urea excretion. The total water content of the food and fluids 
was 1,710 cc. This was increased to 2,070 ce. on the last 3 days 
of the diet by the 360 cc. of water in which the urea taken was 
dissolved. A slight inequality in water intake was introduced in 
those few cases who did not always take all of the nitrogen-free 
cornstarch which was provided. 

Table I gives the averages and limits of variation in the vol- 
ume of urine in those twenty subjects who took 20 gm. of urea 
under the above conditions. 

It is evident from these figures that the volume of urine in any 
individual for any one day or part of a day is an extremely vari- 
able quantity, in spite of constant water intake. But when the 
volumes of the 4th, 5th, and 6th days in each individual are aver- 
aged, the range of variation is greatly lessened. These averages 
are given in order of ascending magnitude in Table II. 

We hope to find the above figures useful in the recognition of 
true polyuria or oliguria. 

When the kidneys are diseased, the volume of urine passed at 
night is often larger than the day urine. But we have found 
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that this condition may be present in subjects whose kidneys are 
perfectly normal. When, however, the percentages of the total 
24 hour urine excreted at night on the 4th, 5th, and 6th days are 
averaged for each individual, we find that in all of them the night 
excretion is less than the day. Table III shows the average and 
limits of variation in the average percentage distribution of urine 
volume for 3 days. 


TABLE I. 


Average and Limits of Variation in Volume of Urine (Cc.). 


Ist day. 2nd day. 3rd day. 
| Limits of Limits of : Limits of 
variation. ; variation. variation. 
Period. 
24 hrs., 
S a.m.—8 a.m. | 1,058 | 2,215} 609 | 1,059 | 2,023 727| 975 | 1,341 587 
12 hrs., 
Sa.m.-8p.m.| 642/1,405| 381 | 646/1,272| 366] 617| 395 
8 hrs., 
Sa.m.—4 p.m. 458 | 1,141 281 413 581 225 417 | 646 | 284 


4th day. | 5th day. 6th day. 


24 hrs. 
S a.m.-8 a.m. | 1,406 | 2,323 951 | 1,354 | 1,674 | 1,003 | 1,322 | 1,665 | 903 
12 hrs., 
Sa.m.-8 p.m. 902; 1,681 | 605 913 1,248; 732; 893)/1,269| 615 
8 hrs., 
Sa.m.—4 p.m. 643 | 1,149; 422 661) 446| 645/1,035| 477 


There is not less than 38 per cent of the 24 hour volume ex- 
creted during the first 8 hours of the day, and not less than 53 
per cent in the first 12. Under these conditions also we never 
find more than 47 per cent eliminated during the night. 

We may therefore be reasonably certain of the presence of a 
true nocturia, meaning an abnormally high proportion of night 
urine, when we find in any individual who takes the diet that 50 
per cent or more of the average 24 hour excretion of the last 3 
days is eliminated at night. 
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8 hrs. (8 a.m.—4 p.m.) 12 hrs. (8 a.m.—8 p.m.) 24 hrs. (8 a.m.—8 a.m.) 
tee Subject. Volume. Subject. Volume. Subject. Volume. 
ce. ce. ce. 

l Br, el 501 Ay 68-4 Ai 1,013 
a Ay 519 Br, 709 Br, 1,022 
3 Ad 519 Ad 713 Ad 1,097 
4 Bo, 527 Bo, 740 S; 1,202 
a G 528 D 813 Bo, 1,213 
6 D 603 G 819 F 1,234 
7 J 604 Ko. 833 We 1,253 
8 P 613 F 868 D 1,257 
F 626 P ‘879 P 1,297 
10 K, 626 J 901 J 1,345 
11 Cr 691 Ky 901 G 1,378 
12 Ky 700 We 924 Cr 1,393 
13 We 707 Boy, 935 Boy: 1,399 
14 B 708 B 964 Se 1,441 
15 Si 724 K; 968 M 1 441 
16 Se 734 Cr 1,011 B 1,467 
17 K; 734 Se 1,017 K; 1,489 
18 Boy: 765 1,042 Ke 1,526 
19 M 773 M 1,063 Je 1,707 
20 Je 788 Je 1,195 K, 1,712 
Average. 650 903 1,361 


Average and Limits of Variation in the Average Percentages of Urine Volume 


TABLE III. 


Excreted During Different Periods of the 24 Hours on 
| the 4th, 5th, and 6th Days. 
Period. Average. Highest. Lowest. 
: per cent per cent per cent 
8 hrs. of day, 8 a.m.—4 p.m........ 48 56 38 
*. * 66 74 53 
12 “ “ night, 8 p.m.-8 a.m....... 34 47 26 


In order to determine whether a moderate increase in the vol- 
ume of urine led to any increase in the rate of excretion of admin- 
istered urea, the experiment was repeated in four subjects under 
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the same conditions except that 250 cc. of water were taken with 
each of the four meals, in all 1,000 ec. of additional water for each 
24 hour period. ‘Table IV gives the average amounts of admin- 
istered urea excreted by these four individuals with and without 
extra water. 
TABLE IV. 
No Extra Water. 


| Average amounts of administered Volume of 


urea excreted. urine. 
Period. 
Average o verage oO 
ith jth | 5th,and|4th, 5th, and 
y y- dg 6th days. | 6th days. 


ec. 


24 hrs., 8 a.m.-8 a.m........ 15.3 | 20.0 | 19.9 18.4 1,128 
9.3} 11.5 | 10.6 10.5 545 


1,000 Cc. Extra Water Per Day. 


24 hrs., 8 a.m.-8 a.m..............| 17.0 | 19.4 | 20.4 18.9 2,350 
“ Sam-4pim.**...........] 10.2] 19.21 18.2 11.9 1,277 


*Average of three cases only. 


While the figures for the 4th and 6th days suggest a slight 
acceleration of the rate of excretion, yet the averages for the 3 
days are-almost identical. These differences are well within the 
limits of error, and it therefore cannot be said that there is any 
demonstrable increase in the rate of excretion of administered 
urea when 1,000 cc. of water a day are added to the diet. Wedo 
not conclude that the volume of urine never has any effect on the 
rate of urea excretion. On the contrary, we have evidence which 
will be given later that under certain well defined conditions the 
volume of urine is a very important factor in determining the 
rate of excretion. But under the above conditions doubling the 
volume of urine has no appreciable influence. 

It may be worth noting that there is no indication that the 
extra water altered the level of protein catabolism. The average 
total excretion of urea for the whole period of 6 days was 152 gm. 
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when the total urine volume was 6,484 cc., and 149 gm. when 
_ the volume was 12,827 cc. 

Although the rate of urea excretion is not demonstrably in- 
creased by an increase in urine volume, an increase in the rate of 
urea excretion induced by the ingestion of urea is accompanied 
by an increased urine volume. The average volumes of urine 
excreted on the 4th, 5th, and 6th days of the diet by three groups 
of individuals who took different amounts of urea are compared i 
in Table V. The first group consists of six individuals who were : 


given 360 ec. of water but no urea, the second comprises twenty } 
who took 20 gm. of urea in 360 cc. of water, and the third group i 
is compiled from five individuals who were given 40 gm. of urea | 
in 360 ce. of water. i 
TABLE V. a 
The Average Volume of Urine of the 4th, 5th, and 6th Days in Groups of In- TE 
dividuals Who Took No Urea, 20 Gm. of Urea, or 40 Gm. of Urea. : : r ‘ 
Period. No urea. 20 gm. of urea. | 40 gm. of urea. } f [ 
ce. cc. ce. 
24 hrs., 8a.m.-Sa.m...............| 1,051 1,361 1,446 
707 903 988 
547 650 735 
4 “ noon............. 245 337 398 
In spite of the constancy of the water intake the average vol- te 
ume of urine is considerably increased in those who took urea. i t 
CONCLUSIONS. i 
1. The volume of urine in normal individuals on a constant a 
diet with the same water intake is extremely variable for any i 


single day or part of a day. 

2. The average volume of the last 3 days of the diet when the 
water intake was 2,070 cc. varied in twenty individuals from 
1,013 to 1,712 cc. for a 24 hour period, from 684 to 1,195 ce. for 
the first 12 hours of the day, and from 501 to 788 cc. for the first 
8 hours of the day. 

3. The percentage of the 24 hour volume excreted during the 
12 hours of the night did not exceed 47 per cent in any subject, 
when the volumes for the last 3 days of the diet were averaged. 
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4. An increase of 1,000 cc. a day in the water intake more than 
doubled the volume of urine but did not appreciably increase the 
rate of urea excretion. 

5. An increase in the rate of urea excretion induced by the 
ingestion of urea, the water intake remaining constant, was ac- 
companied by a considerable increase in the volume of urine. 
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OBSERVATIONS ON THE CHANGES IN THE CHOLES- 
TEROL CONTENT OF THE BLOOD OF GOATS, 
FOLLOWING CHOLESTEROL FEEDING ALONE, 
ROENTGEN TREATMENT ALONE, AND CHO- 
LESTEROL FEEDING COMBINED WITH 
ROENTGEN TREATMENT AND SUB- . 

SEQUENT CASTRATION.* 


By GEORGINE LUDEN. 
(From the Mayo Clinic, Rochester, Minn.) 


(Received for publication, July 4, 1916.) 


The importance of cholesterol metabolism has been established by the 
work of Weltmann (1), Bacmeister and Havers (2), Aschoff (3), MeNee 
(4), Wacker (5), Sternberg (6), Rothschild (7), and others; that its study 
is becoming a subject of general interest may be seen from the number 
of observations that have been made within the last 2 years. 

While the main object of the earlier work done on cholesterol was the 
experimental reproduction of the arteriosclerotic lesions (Stuckey (8), 
Wesselkin (9), Chatalow (10), Anitschkow (11), and lately McMeans 
(12) ), this work proved incidentally that a great number of organs are 
affected by a disturbance of the cholesterol balance. Subsequent in- 
vestigations have shown that the organs principally concerned with the 
regulation of the cholesterol metabolism are the adrenals, the liver, the 
genital glands, and the intestines (Rothschild (7), Weltmann and Biach 
(13), Anitschkow and Chatalow (14), Albrecht and Weltmann (15), Stew- 


art (16), Hueck (17), Gardner and Lander (18), Sternberg (6), Lowenthal, - 


(19), McMeans (12), MceNee (4) ). That cholesterol is also stored in the 
body fat has been demonstrated by Rothschild (20) and Wacker (5). It 
has further been shown that the cholesterol content of the blood is changed 
by physiologic as well as by pathologic conditions; that pregnancy and 
lactation, diseases of the liver, and malignant growths increase cholesterol 
value, but that the influence of bacterial infection depends on the acute or 
chronic character of the process; Weltmann (1) found that in tuberculosis, 
for instance, the cholesterol content of the blood was lowered as the dis- 
ease progressed. 

The effect of cholesterol on cell proliferation has been made a subject 
of recent investigations: Robertson and Burnett (21) reported that a 
growth of transplanted carcinoma in white rats (Flexner-Jobling type) 


* Read by title before the American Association of Pathologists and 
Bacteriologists, Washington, D. C., May 9-10, 1916. 
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was accelerated by the intravenous injections of cholesterol emulsion; 
Browder (22) states that the rate of cell division of paramecia is markedly 
increased by the addition of small amounts of cholesterol to the culture 
medium; McMeans (12) observed that proliferation of the arterioles 
of the lungs and the kidneys occurred in cholesterol-fed rabbits. The 
bearing of these experiments on the problem of malignant growth is 
obvious. 


The foregoing brief review shows that a great number of factors 
influence cholesterol metabolism; v2z., the relative adequacy of 
some four or five organs taking part in the regulation of the 
metabolic balance and physiologic as well as pathologic condi- 
tions. There may be other factors whose importance has not yet 
been ascertained, and it will therefore be easily understood that 
the interpretation of changes in the cholesterol value of the blood 
is fraught with difficulties. At present only deductions based 
on unusually high, or unusually low, on markedly progressive, or 
markedly recurrent cholesterol values can be expected to give 
any definite clue concerning the actual relation between a dis- 
turbance of the cholesterol balance and the associated pathologic 
symptoms. 

The object of my experimental work is to produce malignant 
proliferation in animals by disturbing the cholesterol balance. 
For this purpose cholesterol feeding has been used. In some 
cases Roentgen treatment has been employed in addition, to break 
down the ‘“‘lymphoid defence’ of the animal (Murphy and 
Morton (23) ). Cholesterol tests of the blood were made, not 
as an end in themselves, but as a means by which the progress of 


‘the metabolic disturbance might be gauged. A few observations 


made during the course of the experiment seem to furnish data 
concerning some of the factors that influence the cholesterol con- 
tent of the blood. These observations I wish to present here 
although the experiment under discussion is not yet completed. 

Rothschild (7) in his studies on the cholesterol content of the 
blood of rabbits found that normal animals appear to have an 
‘individual cholesterol standard” to which they adhere with only 
slight variations. Bloor (24) has observed that in dogs the pro- 
cess of digestion and the chemical constituents of certain types of 
food do not influence the cholesterol percentage to any consider- 
able extent. In the main, this may also be applied to goats 
(Table I, Fig. 1). 
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Cholesterol Values in the Blood of Normal Goats. 


(8 a.m. to 6 p.m.). 


TABLE I. 


Results Expressed in Per Cent. 


Tests Made Every 2 Hours 


Hizh- 
Time. Readings.* est 
value 
Goat 21 (male; received cholesterol only). 

8 a.m. | 0.216 - - 0.216 - - 0. 272** (0.216)T/0.272 
10 “ |0.186 --0.216 - - 0.254 - - 0.254 --0.266** ----- (0.230) |0.266 
12 m. 0.242 - - 0.242 - - 0.262 - - 0.262 - - 0.266** - - - - - - (0.216) |0.266 

2 p.m. | 0.254 --0.254--0.266** ------ (0.224) |0.266 

4 “ | 0.216 - -0.216 - - 0.242 --0.242 --0.272** ----- (0.242) |0.272 

6 “ {0.210 - - 0.210 - - 0.242 - -0.242 - - 0.260** ---- (0.220) |0.260 

Goat 10 (male; normal control). 

8 a.m. | 0.158 - - 0.158 - - 0.180 - - 0.180 - - 0.202** - - - - - - (0.168) {0.202 
10 “ {0.146 - - 0.146 - -0.186** ------- (0.158) |0.186 
12 m. 0.158 - - 0.158 - - 0.186** -------- (0.158) |0.186 

2 p.m. | 0.168 - - 0.168 - - 0.190 - - 0.190 - - 0.202** - - - - - - (0.158) |0.202 

4 “ |0.186 - - 0.186 - - 0.202** ------ (0.168) |0.202 

6 “ 0.130 - - 0.130 - - 0.186** -------(0.146) |0.186 


*The readings made at each 2 hour period were repeated at intervals 


of 2 minutes. 


** Value remained constant for four or more readings. 
+ The small dashes represent approximately the number of minutes 
that elapsed between the last constant reading and the first reading lower. 
Note that this interval was longer for Goat 10 than for Goat 21. 
t The stightly lower values at this time may have been due to the fact 


that a few clots had formed. 


++ 4-4 r+ + 4 4 
7 T Ty +4 
+ ++ 4+ 
i i 
+ tit 
1 
+ 4 
+ ++ 
+ 
++ + + ++ 
4 +—+ TT TT 4 
on ~* TTT + 
1 ~ i i i 
+4 ++ + tt + ++ 
i 


Fig. 1. Cholestero! values in the blood of two normal goats; Goat 10, 


male, Annnnrrn; Goat 35, female, +++. 


Note that the values for 


Goat 10 remained constant for 7 weeks and those for Goat 35 remained 
constant for 5 weeks. , 
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Fig. 1 shows the cholesterol values found in the blood of two 
normal goats, one male (G10) and one female (G35), during a 
period of 8 weeks (weekly tests). Whereas the values of the 
male animal remained unchanged for 7 consecutive weeks, a 
drop occurred in the cholesterol value of the female between 
March 6 and 13, the animal being in heat at the time. The fact 
that a lower cholesterol value was observed while the animal was 
in heat indicates that the cholesterol content of the blood is in- 
fluenced by reproductive activity, an observation to be discussed 
at greater length in connection with the period following castra- 
tion. 

Table I gives the cholesterol values found by tests made every 
2 hours from 8 a.m. to 6 p:m. The effect of the various stages of 
digestion even in a ruminating animal should be clearly demon- 
strable by an experiment extending over a period of 10 hours. 
Whether the slight variations that occurred are really due to the 
digestive process is a difficult matter to decide, since a goat rumi- 
nates and digests without interruption so that even if food were 
kept out of its reach for some time, the digestive factor could not 
be entirely eliminated. (Starvation increases the cholesterol con- 
tent, as Rothschild has ascertained. However, it would seem 
practically impossible to regulate the food supply for a ruminat- 
ing animal so that digestion would cease without risking the oc- 
currence of slight symptoms of starvation.) Whether the fluc- 
tuations of the cholesterol content (Table 1) are due to the pro- 
cess of. digestion or toa greater amount of muscular activity on 
the part of the animal, they are in themselves so slight that they 
can hardly be considered significant. 

Method of Investigation.—In my experiment, the cholesterol 
content of the blood of six goats was determined every week in 
the course of 7 months. For obvious reasons this part of the 
experiment is divided into three periods: (1) Observation and 
cholesterol feeding alone (Fig. 2). (2) Continued cholesterol 
feeding alone, Roentgen treatment alone, and cholesterol feeding 
combined with Roentgen treatment (Figs. 3a, 3b, and 3c). 
(3) Following castration, other experimental factors unchanged 
(Figs. 5a, 5b, and 5c). ° : 

First Period.—During the first 5 weeks all the goats were kept 
under good laboratory conditions and were not subjected to any 
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experiment except that 3 cc. of blood were taken from the jugular 
vein by means of a hypodermic syringe every week in order to 
determine the average cholesterol value of the blood of each ani- 
mal. At the end of 3 weeks all the animals developed symptoms 
of mange. The disease remained confined to small areas on the 
ears or nose and apparently cleared up in a fortnight. The 
changes occurring in the cholesterol value from Oct. 7 to Nov. 1 
may be partly accounted for by this infection, and partly by the 
fact that the goats, having been on free range, had not yet be- 
come acclimated to laboratory conditions and stable food. On 
Nov. 1 two of the animals (G19 and G21) were fed daily 0.30 gm. 
of cholesterol in capsules, that the effect of this substance on the 
cholesterol content of the blood might be studied. The extra- 
ordinary digestive powers of the goat which cause this animal to 
thrive on the most indigestible articles seemed to justify the ap- 
prehension that the cholesterol might be eliminated without any 
apparent effect. However, as may be noted from Fig. 2, anxiety 
on this point proved without foundation, for whereas two of the 
controls (G16 and G26) did not make up the deficit in their choles- 
terol value, and the other two (G17 and G20) exceeded their orig- 
inal percentage by a small margin only (0.006-—0.018), the two 
cholesterol-fed animals (G19 and G21) gained 0.90 per cent; that 
is, the cholesterol content of the blood increased by 0.090 and 
0.062 mg. respectively, as compared with the original values. 
Therefore, from Fig. 2, the following conclusions may be drawn. 

1. The cholesterol content can be increased in the blood of 
goats by cholesterol feeding. 

2. Parasitic infection (mange) apparently decreases the choles- 
terol value of the blood. ‘This deduction has been justified by 
later observations during a recurrence of mange after the animals 
had become thoroughly acclimated to laboratory conditions and 
were steadily putting on weight. The fact may perhaps be ex- 
plained as the result of an effort on the part of the organism to 
combat the infection. 
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2. Cholesterol values for Period I. Goat 16, °° °; Goat 17,— -—-:; 
Goat 19, ; Goat 20, — — —; Goat 21, — — —; Goat 26, ....... 
Note the drop in the values for all of the goats during infection (mange ) 
and the increase in the values for Goats 19 and 21 on cholesterol feeding. 


Second Period.—During the second period observations were 
made on the effect of cholesterol feeding alone, of Roentgen 
treatment alone, and of Roentgen treatment combined with cho- 
lesterol feeding, the six goats being divided into three corre- 
sponding groups; v7z., G19 and G21 (Group A) continued to get 
0.30 gm. of cholesterol daily in capsules; G16 and G26 (Group B) 
diffuse Roentgen treatment (diaphragm wide open) consisting of 
a 12.5 milliampere per minute dose daily for 7 days (2.5 milli- 
amperes at a distance of 24 inches from the tube, exposure 5 
minutes) followed by 7 days’ rest; G17 and G20 (Group C) were 
given the same Roentgen treatment but received in addition 0.30 
gm. of cholesterol daily without interruption (Figs. 3a, 3b, and 3c). 
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Fig. 3 b. Cholesterol values for Group B, Period II. 


-+ 4-4 + 


dicates Roentgen ra 


Roentgen ray treatment and mange. 


in 


: 
4 
4 
> 
. > > 
$ > > > ~~ > 
t + ad + +t t+ ++ 
if | 
4 
iz 


| 
© 
Se 
ry ry ane ~ 
thet Sr 
| 
acces 


i 
. 
4 
| 
é 
| 
2 
2 + 
4 > 
| 
4 
re 
1 
1 
: 
1 
1 
1 
= 
ieee 
ES 
3 
| 
Be, 
rie 
2 
>3 


282 Cholesterol Content of Blood 


The interpretation of the results obtained during this period 
is extremely difficult owing to the number of intercurrent factors, 
the effect of which on the cholesterol content of the blood can be 
merely guessed, since at present data for comparison are not 
availableand can be obtained only by further investigations. On 
the other hand, the conclusion which seemed warranted by my 
observations during the first period, vzz., the increase of the cho- 
lesterol value by cholesterol feeding and the decrease of the cho- 
lesterol value by mange, appear to be corroborated. 

Thus, G19 (Group A), which already had the highest choles- 
terol values during the previous period, will again be found to 
have higher values than any of the other animals, and G21, which, 
although it had responded to the cholesterol feeding previously, 
had done so to a lesser degree, again shows a general increase in 
the cholesterol content of its blood, less marked than the increase 
found in the other animal of the same group. Closer examina- 
tion of the curves in Figs. 3a, 3b, and 3c reveals the influence of 
the intercurrent factors referred to above. Thus, in the case of 
G19, a severe recurrence of mange on the shoulder explains the 
drop of the cholesterol value on Nov. 22. It will be seen that 
the value went up with the disappearance of the mange. More- 
over, the cholesterol dropped again during the following weeks, a 
decrease that may be partly accounted for by another recurrence 
of the mange. All the goats except G16 and G20 were affected. 
In the case of G19, another factor which undoubtedly influenced 
the cholesterol content from Dec. 13 onward must be considered; 
viz., the formation of a cyst-like swelling which had become large 
enough to be noticeable on Dec. 30. This swelling was located 
near the right nostril, extended over the upper lip, and measured 
about 2 cm. in diameter. Slight fluctuation was present at first, 
suggesting that it might be an abscess. The fluctuation then 
disappeared, and the swelling assumed a tumor-like aspect. To 
ascertain the exact nature of the tumor, it was lanced on Jan. 17, 
and found to contain pus. A small quantity (1.2 gm.) of the pus 
was taken for chemical analysis, and the remainder left to be re- 
absorbed by the animal. A test of the pus for cholesterol showed 
the cholesterol value to be ten times that of the blood and seemed 
to warrant the assumption that the abscess was a ‘“‘deposit’’ for 
the increasing surplus cholesterol in the blood. This supposition 


= 
5 
|_| 
t 
i= 
i 
Bi 


G. Luden 283 


appeared to be corroborated by the increase of the cholesterol value 
in the blood during the following weeks, when the remainder of 
the abscess was being slowly reabsorbed. Several tests made 
with pus from patients did not give any higher cholesterol values 
than are usually found in the blood under conditions of slight 
inflammation. The fluctuations in the cholesterol value of the 
blood of G21 would appear to be due to the appearance and dis- 


appearance of mange. 
For the changes in the cholesterol values observed in all of the 


animals between Feb. 1 and 21, no apparent reason can be found © 


unless extreme changes in the temperature (days on which the 
thermometer registered 25—40° below zero, alternating with days 
of warm spring-like weather) are to be taken into account.! It 
is quite conceivable that similar extremes of heat and cold cannot 
be without effect on general metabolism. 

The result of the Roentgen treatment (Group B) 1s not suffi- 
ciently striking to permit of any definite conclusions. Thefact that 
a slight drop in the cholesterol value occurs in several instances 
toward the end of the second period after a week of Roentgen 
treatment (Jan. 24 to Feb. 21, G16, G17, G20, and G26), and is 
followed by a slight increase after a week of rest, suggests the pos- 
sibility that the Roentgen ray may have a depressing effect on 
the cholesterol value in the blood. Similar changes were found 
to occur during the third period. The present data are still too 
meager to furnish any conclusive evidence although they appear 
to be in accordance with Soper’s (25) observations on the effect 
of mesothorium rays on the cholesterol value in the blood of rab- 
bits. Soper reports a decrease of the cholesterol content in his 
animals after mesothorium treatment, but considers it too slight 
to be significant since it was not corroborated by histologic 
changes in the spleen. The short duration of his experiment (9 
to 11 days) and the fact that several organs play a part in the 
regulation of cholesterol metabolism might explain his results. 
If, however, the reduction of the cholesterol content by Roentgen 
rays should become more marked in the course of my experiments 
or be confirmed by independent studies, it might furnish valuable 


1 Though the animals were kept in stalls, warmed by the central heat- 
ing system, there was an outside run in which they spent a great part of 
the day, apparently by preference. 
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information concerning the beneficial effect of the Roentgen rays 
on malignant conditions, since the stimulating effect of choles- 
terol on cell proliferation demonstrated experimentally, and the 
high cholesterol values found in the blood of a number of cancer 
patients, seem to indicate that there may be a close connection 
between disturbances of cholesterol metabolism and malignant 
growth. | 

The possible effect of extreme and sudden changes of temper- 
ature on the cholesterol content of the blood has been mentioned 
in the discussion of Group A. 

In Group B, the influence of mange on the cholesterol values 
is but faintly indicated. G26 alone had a slight recurrence, and 
it is difficult to decide whether the drop from 0.160 to 0.150 per 
cent (Dec. 13 to 20) is to be attributed to the disease or to the 
Roentgen treatment. On Jan. 10 G16 developed about half a 
dozen small abscesses in the inguinal region, none of which were 
larger than a pea. These abscesses cleared up without treat- 
ment and on Feb. 7 had completely disappeared. Asthe postules 
were too small to permit the taking of any pus for chemical analy- 
sis, it is impossible to say whether their reabsorption could have 
caused the changes found in the cholesterol value on Jan. 10 and 
17, or were in any way comparable to the abscess on the nose of 
G19. 

By combining Roentgen treatment with cholesterol feeding 
(Group C) I hoped to ascertain which of the two forms of treat- 
ment exerted the greater influence on the cholesterol content of 
the blood. The time allowed for this part of the experiment, 4 
months, seemed amply sufficient to warrant definite results. 
However, the cholesterol values registered do not furnish conclu- 
sive data, although they suggest that Roentgen treatment and 
cholesterol feeding may have neutralized each other; subsequent 
investigations will have to settle this point. In regard to para- 
sitic infection, a slight recurrence of mange (G17, Dec. 13 to 20) 
appears to corroborate my previous findings, but another factor 
will also have to be considered, v2z., the influence of pregnancy 
in combination with Roentgen treatment and cholesterol feeding. 
This will be discussed briefly in connection with the third period. 

Summarizing briefly the foregoing: 

1. The increase in the cholesterol value of the blood resulting 
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from cholesterol feeding and the decrease resulting from mange 
observed in the first period has been confirmed by the findings 
in the second period. 

2. The effect of the Roentgen rays cannot yet be determined 


definitely owing to the influence of intercurrent factors; the re-— 


sults suggest the possibility of a decrease of cholesterol values in 
the blood due to Roentgen treatment. 

3. The effect of combined Roentgen treatment and cholesterol 
feeding suggests that these factors may neutralize each other, but 
the influence of intercurrent factors makes definite conclusions 
premature, and emphasizes the need of further investigations. 

Third Period.—During this period the effect of castration was 
studied as an additional factor. The measure was suggested by 
the influence on malignant conditions of the ‘“‘cancer age,’’ viz., 
the age at which reproductive activity decreases. It wi!l be 
remembered that the principal aim of the experiment was the 
reproduction of malignant proliferation. One goat of each one of 
the three groups referred to in the discussion of the second period 
was castrated. Thus, in Group A (cholesterol feeding alone) 
G19 was castrated, and both goats belonging to this group con- 
tinued to be fed 0.30 gm. of cholesterol daily; in Group B G16 was 
castrated, and both animals belonging to this group (G16 and 
G26) continued to be treated with the same doses of Roentgen 
rays; in Group C the male (G20) was castrated, and the com- 
bina ion of Roentgen treatment and choesterol feeding was 
continued as before. 

In order to verify previous observations on the changes in the 
cholesterol content caused by anesthesia, samples of the blood 
were taken from 10 to 15 minutes after the goats had been given 
+ grain of morphine, before the administration of the anesthetic, 
and again on completion of the operation when the animal was 
still in narcosis. In every instance there was a decrease in the 
cholesterol content below the value obtained before the anesthetic 
was given and similar to the decrease observed in dogs (Fig. 4). 
An additional test was made with the blood of G16, taken 5 min- 
utes after the beginning of anesthesia (the animal being com- 
pletely unconscious) and demonstrated the fact, observed also 
in experiments on dogs, that anesthesia is at first accompanied 
by an increase of the cholesterol content, but that lower values 
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ic. 4. The effect of anesthesia on cholesterol values. Goat 16, ° ° °, 
Goat 19, > Goat 2, —. 


occur after the anesthetic has been given for some time. The 
length of this period appears to vary in different animals. Ex- 
periments on the effect of anesthesia on the cholesterol content 
of the blood are still in progress. The influence of the operative 
procedure itself need not be taken into consideration, since in our 
experiments on dogs the above results were obtained by means of 
the anesthetic alone. 

The effect of castration is illustrated in Figs. 5a, 5b, and de. 
In Groups A and B increase of the cholesterol content following 
castration may be observed by comparing the values of the cas- 
trated and the non-castrated animal. In Group C the difference 
is less marked as the intercurrent factor of pregnancy in the ani- 
mal intended for a control (G17) is likely to have increased the 
cholesterol values. : 
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These observations seem to suggest that castration and choles- 
terol feeding both tend to increase the cholesterol content of the 
blood, but that the Roentgen rays, as has already been suggested, 
appear to have a depressing influence on the cholesterol values, 
the latter deduction being corroborated by the alternating effect 
of the week of Roentgen treatment (decrease) and the week of 
rest (increase) which became more marked during this period. 

The fact that G26, receiving Roentgen treatment alone and 
having the lowest cholesterol value of all, appears to be slowly 
increasing his cholesterol percentage may perhaps be explained 
as follows. It is well known that the reproductive cells in the 
sex glands are particularly sensitive to the Roentgen rays and that 
animals can be castrated by Roentgen treatment alone. Pro- 
longed exposure to the rays, even when extremely small doses 
are used, may therefore result in permanent injury, if not in the 
destruction of the reproductive cells. 

It is possible that the total number of Roentgen ray units 
(approximately 150 milliampere minutes of diffuse treatment, wide 
open diaphragm) which G26 received in 5 months, may have 
sufficed to produce changes in the sex glands of the animal, and 
that the increase of the cholesterol values found in its blood are 
the first indication of these histologic changes. However, micro- 
scopic examination of the tissues will have to furnish conclusive 
evidence on this point. 

The sudden drop observed in the cholesterol percentage of G16 
on March 27 (from 0.302 to 0.216 per cent) may have been due 
to the effect of the Roentgen treatment during the week preced- 
ing this entry. However, as the animal had been lying down a 
good deal, appeared listless, and had been feeding badly for 3 
days, the influence of a slight ailment followed by spontaneous 
and complete recovery must also be considered, especially as the 
cholesterol values remained constant during the following weeks. 

A recent publication by Loewenthal (19) on the effect of cas- 
tration on the blood of rabbits appears to corroborate my findings 
as regards the increase of the cholesterol content in the blood of 
goats. 

The effect of pregnancy on the cholesterol values in women has 
been studied by Neumann and Herrmann (26), Aschoff (3), and 
Autenrieth and Funk (27); they report that an increase can be 
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demonstrated at the beginning of the 5th month. Bacmeister 
and Havers (2) observed a similar change in the bile of pregnant 
bitches. As far as could be ascertained no other data have been 
published on the subject. 

In my experiment the changes found in the blood of G17 dur- 
ing pregnancy are difficult to account for, because of. additional 
factors (7.e., cholesterol feeding, Roentgen treatment). On the 
whole, the values seem to be slightly higher. That the increase 
is not more pronounced may be due to the Roentgen treatment, 
to which the organism might be particularly sensitive during 
pregnancy. As in other instances my observations on this point 
will have to be verified by future experiments. 

In the light of recent studies on the stimulation of cell division 
bv cholesterol, the influence of pregnancy and of castration on the 
cholesterol content of the blood would seem to be significant; in 
pregnancy the increase of the cholesterol values might be inter- 
preted as a physiologic measure calculated to stimulate cell 
division in the embryo, while in castration elimination of the re- 
productive organs (in which cell proliferation is more constant 
than in any other part of the body) might be expected to result in 
a surplus of unused cholesterol. 

The results indicated by my observations during the third 
period may be summarized as follows: 

1. Anesthesia appears to reduce the cholesterol content of the 
blood. 

2. Castration tends to increase the cholesterol values; the in- 
crease of body fat observed in castrates and the fact that choles- 
terol is stored in the body fat are in accordance with the apparent 
effect of castration. 

3. The highest cholesterol values were found in the snented 
and cholesterol-fed goat, the lowest values in the animal that had 
not been castrated and had received diffuse Roentgen treatment 
only, while intermediate values occurred in the animal that had 
been castrated and treated with Roentgen rays. These facts 
seem to support the assumption that castration increases and 
Roentgen treatment tends to reduce the cholesterol content of the 
blood. 

4. The slight but steady increase of cholesterol found in the 
blood of the goat which received diffuse Roentgen treatment 
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alone recalls the fact that the Roentgen rays may destroy the 
reproductive cells to an extent equalling castration, and suggests 
that the increase itself may be due to the destruction of the re- 
productive cells in this animal. The observation will have to be 
corroborated by microscopic findings. 

5. The influence of pregnancy on the cholesterol content of the 
blood, though indicated, is not sufficiently marked to permit defi- 
nite conclusions. Whereas in the other goats cholesterol feed- 
ing and Roentgen treatment appeared to neutralize each other, 
it is possible that pregnancy rendered this animal more sensitive 
to the effect of the rays and that the latter factor preponderated 
and counteracted the influence of pregnancy. Future observa- 
tions alone can furnish conclusive data. 


Technical Details Concerning the Chemical Analysis of the Blood 
for Cholesterol. 


The original Autenrieth-Funk (27) method was used at first 
to determine the cholesterol values of the blood in my experi- 
ments. ‘Towards the middle of the second period parallel tests 
were made by Autenrieth’s method and Bloor’s (24) modification © 
thereof, which was published at the time. Latterly Bloor’s first 
modification has been used exclusively as it is much more simple 
and in many cases appears to give more accurate results. Bloor’s 
(28) second modification has not been used; the omission of sapon- 
ification in the latter method gives somewhat higher values, and 
it was thought advisable to retain one standard in this series of 
experiments. 

The fault of Autenreith’s method to which Bloor has called 
attention, the occurrence of a brownish tint in the reaction, mak- 
ing colorimetric comparison difficult, though also observed by 
me in samples of pathologic human blood, has not given me any 
trouble in the tests made with goat’s blood. In the latter in- 
stances both methods gave identical values with only a few ex- 
ceptions; when a difference occurred it never exceeded 0.025 per 
cent and the average values of a great number of readings by both 
methods have been recorded in the table (second period, Jan. 17 
to Feb. 1). 

The test for cholesterol is based on a specific color reaction; 
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on addition of acetic acid anhydride and sulfuric acid the color- 
less chloroform extract of the blood assumes a green tone, vary- 
ing in intensity according to the amount of cholesterol present in 
the blood. The time required for the reaction, v7z., till the max- 
imum color intensity is reached, in any test is 15 minutes, accord- 
ing to Autenrieth and Funk (27), and Bloor (24), the reagents 
being left in the dark at a constant temperature of 35-37°C. dur- 
ing that time. In the course of my investigations the following 
observations led me to modify the factors of time and tempera- 
ture. 

I found that the rapidity of the reaction varied considerably in 
different blood samples,? the maximum color value being reached 
much more quickly in one specimen of blood than in another un- 
der parallel conditions. As the exact chemical nature of the 
process by which the color reaction is caused is not known, the 
assumption seems warrantable that the presence of other chem- 
ical substances besides cholesterol may retard or accelerate the 
reaction. Every precaution has been taken to prevent recogniz- 
able factors (impurity of reagents, difference in temperature) 
from playing a part in the occurrence of these variations. To 
obtain data as accurate as possible by taking the occurrence of 
these variations into account, I have adopted the following pro- 
cedure. 

The test is left in the dark? at room temperature for 5 min- 
utes only, after which it remains exposed to the light, and 
readings with the Autenrieth-Hellige colorimeter (control of the 
instrument with tests containing pure cholesterol) are made at 
intervals of 2 minutes until the maximum color intensity is reach- 
ed. In some cases the maximum value was found after two read- 
ings, in Others after ten to thirty readings; it remains constant for 
10 minutes in some and for as long as 20 minutes in others, after 
which the color begins to fade, giving lower values. It is obvious 


21 tested over 400 different blood samples during the last 6 months, 
the cholesterol value being determined in normal human blood. in hum- 
an blood under various pathological conditions, and in the blood of several 
species of experimental animals (dogs, goats, spermophiles). An aver- 
age of ten readings was made for each test, resulting in a total of 4,000 
readings. | 

3] have found an ordinary microscope case very serviceable as a ‘dark 
cupboard.”’ 7 
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that a test which reaches its maximum value after two readings 
or 4 minutes, and in which the maximum remains constant for 8 
minutes only, will already have begun to fade when the first read- 
ing is made after 15 minutes, and that, therefore, the value ob- 
tained will be lower than would be warranted by the amount of 
- cholesterol present in the blood. When the reaction is of the 
rapid type described above, it is advisable to make two, three, 
or even four tests with different portions of the same extract; the 
same maximum value will be constant for the same length of time 
in these different portions, and the figures recorded in the tables 
will represent maximum values which remained constant for at 
least four consecutive readings at 2 minute intervals each. 
Another observation which caused me to adopt the ahove 
technique was that some tests assume a decidedly yellow-green 
tint (not the brown tone referred to by Bloor) when left in the 
dark longer than 5 minutes. This tint differs materially from 
the emerald green of the pure cholesterol reaction and makes 
accurate colorimetric reading difficult. I noticed, however, that 
the exact shade required for matching the control color (either 
pure cholesterol or the fluid of the Autenrieth-Hellige colorimeter) 
can be obtained by exposing yellowish tests to strong daylight 
(near a window); whereas tests that are slightly too blue-green 
can be corrected by putting them in the dark for a couple of 
minutes. The actual values are not affected by the change of tint. 


DISCUSSION. 


Although the data furnished by the observations reported in 
this paper are by no means conclusive, they seem to suggest 
problems worth studying, wz., the effect of Roentgen rays on 
the cholesterol content of the blood in relation to malignant 
conditions, the influence of the organs of reproduction on choles- 
terol metabolism, and the effect of bacterial or parasitic in- 
fection. The fact that the primary object of my experiment 
was the study of possible factors in malignancy rather than the 
study of cholesterol values for themselves, will, I think, sufh- 
ciently explain the indeterminate nature of most of my deduc- 
tions. It must be remembered also that the animals used for the 
experiment were young, healthy, and of a species endowed with 
a remarkable power of resistance and recuperation, having many 
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means of safety at their disposal in the organs that regulate 
cholesterol metabolism. The adequacy of these organs, more- 
over, is bound to remain an unknown quantity in every animal 
as long as the animal is alive. Since, comparatively speaking, the 
study of cholesterol metabolism is a new field of investigation, 
data for comparison are scarce, if they are not entirely lacking, 
as is the case in experimental work of this kind done on goats. 
However, although my experiment is still in progress, some of 
the results obtained so far by measures calculated to disturb 
the cholesterol balance seem to be encouraging, and I hope to 
publish these shortly. 


SUMMARY. 


1. The average normal cholesterol content of the blood in 
goats, though not definitely established, appears to be from 
0.186 to 0.216 per cent. 

2. The cholesterol content of the blood can be increased by 
cholesterol feeding. 

3. Diffuse Roentgen treatment appears to lower the cholesterol 
content of the blood, but conclusive evidence will have to be 
furnished by future experiments. The beneficial effect of Roent- 
gen treatment in malignant conditions, the increase of the choles- 
terol content observed in the blood of patients suffering from 
malignant disease, and the stimulation of cell division by choles- 
terol demonstrated by recent experiments, suggest that the 
study of the influence of the Roentgen rays on the cholesterol 
content of the blood may be of considerable value. 

4. Castration tends to increase the cholesterol values, which 
may explain the increase of body fat found in castrates and after 
the cessation of reproductive activity, since the storage of choles- 
terol in the body fat has been demonstrated. 

5. The increase of the cholesterol content of the blood in preg- 
nancy, reported by others, has been found indicated in my experi- 
ment, although intercurrent factors forbade definite conclusions. 

6. The normal process of growth in the embryo caused by 
cell proliferation and the effect of cholesterol on cell division 
referred to above may explain the increase of the cholesterol 
content of the blood during pregnancy. 
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